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BIOORAPHrCAL  NOTICE  OF  WILLIAM  HENRY  PETTEE. 

By  I1B4ILO.  RausLL,  Abb  Arbor,  Hlch. 
PORTRAIT,    PLATE  I. 

William  Henry  Pettee  was  bom  in  Newton  Upper  Falls, 
Mass.,  January  13,  1836,  of  representative  New  England 
parentage.  His  fattier  was  a  manufacturer  of  cotton  fabrics 
9nd  of  mill  machinery.  In  boyhood  his  studious  tastes  liad 
to  be  restrained  and  his  college  preparation  delayed  out  of 
regard  to  his  somewhat  slender  bodily  frame.  He  entered 
Harvard  College  at  nineteen  years  of  age,  took  high  rank  in 
the  required  classical  course  of  that  period,  was  selected  to 
deliver  a  Latin  oration  in  his  junior  year,  and  graduated 
with  distinction  in  the  class  of  1861.  He  continued  in  grad- 
uate work  in  the  same  university  for  over  three  years,  receiv- 
ing the  degree  of  master  of  arts  in  1864,  studying  at  first  iti 
the  engineeing  department  of  the  I^wrence  Scientific  School 
and  later  in  the  college,  where  at  the  same  time  he  was  an 
assistant. 

From  1865  to  1869  he  traveled  and  studied  in  Europe, 
his  main  work  being  in  the  Royal  Mining  Academy  of  Sax- 
ony, at  Freiberg,  with  vacations  in  the  mining  regions  of 
Germany. 

In  1868  Mr.  Pettee  returned  to  Harvard  University  as  a 
teacher  in  the  School  of  Mining  and  Practical  Geology  then 
established  under  the  direction  of  Josiah  D.  Whitney.  His 
appointment  in  1869,  was  that  of  instructor  in  mining,  but 
in  1S71  he  was  advanced  to  the  rank  of  assistant  professor 
in  the  same  branch,  and  provision  made  for  work  upon  geo- 
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logical  surveys  to  be  carried  on  under  the  auspices  of  the 
Harvard  School  of  Mining. 

In  the  summer  of  1869,  professor  Pettee  made  a  geolo- 
gical and  topographical  survey  of  South  Park,  Colorado,  and 
during  the  year  1870-71,  having  been  granted  a  leave  of 
absence  from  Harvard,  he  became  connected  with  the  Cali- 
fornia State  Geological  Survey.  Besides  making  a  study  of 
gold-bearing  gravels  of  California,  he  undertook  systematic 
work  in  correction  of  the  determination  of  altitudes  by  means 
of  the  barometer.  Some  of  the  results  of  this  investigation, 
collected  from  the  detailed  reports  o(  the  survey,  were  pub- 
Ushed  by  authority  of  the  California  State  Legislature  in 
1874,  entitled  Contributions  to  Barometric  Hypsometry,  with 
Tables  for  use  in  California,  to  which  a  supplement  was 
added  in  1878.  Prof.  Whitney's  estimate  of  the  onerous 
labor,  the  accuracy  and  perseverance  of  Prof.  Pettee's  work 
in  this  undertaking  appears  in  the  prefatory  note  to  the 
volume  above  mentioned. 

From  1871  to  1875  in  addition  to  other  duties  Prof.  Pet- 
tee  gave  instruction  to  an  elective  section  of  undergraduates 
in  physical  geography,  geology,  and  meteorology  at  Harvard, 
but  before  1875  the  conditions  of  the  gift  supporting  a  school 
of  mining  at  that  institution  were  altered  and  provisions  for 
a  special  instructor  in  these  subjects  was  with  drawn. 

In  1875  professor  Pettee  was  appointed  to  a  professor- 
ship of  mining  engineering  and  related  subjects  in  the  Uni- 
versity of  Michigan,  a  position  which  he  held  with  various 
changes  of  title,  until  his  death. 

In  the  first  semester  of  1879-80,  Prof.  Pettee  was  granted 
leave  of  absence  from  the  University  of  Michigan  to  continue 
his  investigations  of  the  auriferous  gravels  of  California.  His 
report  on  that  work  was  published  as  an  appendix  to  the 
first  volume  of  Whitney's  "Contributions  to  American  Geol- 
ogy." It  has  been  adjudged  to  show  tbat  careful  examina- 
tion of  phenomena,  weighing  of  evidence,  and  painstaking 
accuracy,  which  those  best  acquainted  with  professor  Pettee 
always  expect  in  papers  prepared  by  his  hand. 

The  annual  transactions  of  the  American  Institute  of 
Mining  Engineers  have  been  submitted  to  professor  Pettee 
for  many  years,  for  critical  proof-reading  and  correction.     Of 
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that  society  he  was  a  life-meniber,  hts  election  dating  from 
1871.  For  many  years  he  was  a  co-worker  with  its  secre- 
tary, Rossiter  W.  Raymond,  who  in  a  recent  memorial  pub- 
lished in  the  Transactions  of  the  Institute,  expressed  high 
appreciation  of  professor  Pettee's  ability  as  a  literary  critic. 
He  was  one  of  the  original  fellows  of  the  Geological  Society 
of  America ;  a  fellow  of  the  American  Association  for  the 
Advancement  of  Science,  in  which  he  was  general  secretary 
in  1887 ;  a  member  of  the  American  Academy  of  Arts  and 
Sciences  during  his  residence  in  Massachusetts ;  and  a  mem- 
ber of  the  American  Philosophical  Society  of  Philadelphia. 
For  professor  Pettee,  the  members  of  the  Faculty  of 
the  University  of  Michigan,  of  which  he  was  a  member  for 
twenty-nine  years,  hold  only  memories  of  the  highest  respect 
and  the  warmest  friendship.  These  cherished  sentiments 
are  but  a  reflection  of  his  own  genial  and  loving  nature,  left 
by  him  as  an  inheritance  to  all  with  whom  he  came  in  con- 
tact. His  more  pronounced  characteristics  as  revealed  in 
his  intercourse  with  his  colleagues  whether  personally  and 
socially  or  in  connection  with  official  duties,  and  equally  con- 
spicuous to  the  students  who  received  his  instruction,  were 
a  kindly  and  loving  nature,  patience  under  difficulties,  pains- 
taking accuracy  in  all  of  his  work,  love  of  truth,  and  un- 
swerving uprightness  of  character.  With  these  high  ideals 
were  coupled  an  abundant  and  ever  accessible  knowledge 
of  the  history  and  traditions  of  education  in  Michigan,  and  a 
love  for  the  branches  of  science  to  which  he  devoted  his 
time  and  energy. 

Professor  Pettee  died  at  his  home  in  Ann  Arbor,  Michi- 
gan, on  May  26,  1904.  While  his  chief  work  during  life 
was  that  of  a  teacher,  his  few  contributions  to  geology  and 
kindred  subjects  show  that  he  was  a  painstaking  and  accurate 
observer. 
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regloDS  of  California;  in  Placer,  Nevada,  Tuba.  Siem,  Plumu, 
and  Butte  counties;  made  In  1879."  Apipendix  A,  pp.  379- 
4ST,  of  "The  auriferous  gravela  of  the  Sierra  Nevada  of  Calt- 
fomla,"  Vol.  1,  "Contributions  to  American  geology,"  by  J-  D. 
Whitney,  Harvard  College,  Museum  of  Comparative  Zoolog7, 
Memoirs,  Vol.  6,  Cambridge,  1880. 


PRESENT  PROBLEMS  OF  GEOPHYSICS.* 


Advances  in  science  are  seldom  made  without  a  view  to 
the  solution  of  specific,  concrete  problems,  even  when  the 
results  of  investigation  possess  the  widest  generality.  The 
history  of  science  is  full  of  instances  of  the  fruitful ness  of 
researches  the  immediate  purposes  of  which  were  narrowly 
defined.  Geophysics  is  only  that  portion  of  general  physics, 
including  under  that  term  physical  chemistry,  which  is  applic- 
able to  the  elucidation  of  the  past  history  and  present  condi- 
tion of  the  earth.  It  is  thus  a  very  definite  branch  of  applied 
science,  the  exigencies  of  which  call  for  the  solution  of  a 
group  of  related  problems.  These,  however,  possess  great 
interest  apart  from  their  application  to  the  globe,  while  for 
the  most  part  they  offer  very  serious  experimental  and  theo- 
retical difficulties.  Had  they  been  easy,  they  might  have 
been  solved  long  ago,  for  many  of  these  problems  have  been 
propounded  and  more  or  less  discussed  from  the  birth  of 
modern  science  to  the  present  day.  Their  difficulty,  not 
lack  of  recognition  of  their  importance,  has  postponed  their 
solution. 

The  main  purpose  of  this  paper  is  to  deal  with  the  order 
in  which  it  would  be  expedient  to  investigate  the  questions 
embraced  under  the  head  of  geophysics,  but  a  brief  and 
incomplete  enumeration  of  the  problems  from  a  geological 
standpoint  will  serve  to  lend  a  coherency  and  a  human  in- 
terest to  the  subject  which  it  would  otherwise  lack. 

Physical  geology  begins  with  the  solar  nebula  and  the 
genesis  of  the  earth-moon  system.     The  harmonies  of  the 
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solar  system  compelled  the  immortal  Kant  and  the  ever- 
living  Laplace  to  seek  the  origin  of  the  planets,  the  sun  and 
the  other  stars  in  heterogeneous  nebulas  which  they  sup* 
posed  to  have  condensed  about  one  or  several  nuclei.  Every 
attempt  to  devise  an  essentially  different  hypothesis  has 
failed,  and  every  history  of  the  globe  which  begins  after  the 
birth  of  the  planet  is  unsatisfying.  In  the  drama  of  the  uni- 
verse there  must  have  been  pre-nebular  scenes,  but  of  these 
we  have  as  yet  no  inkling.  The  nebular  hypothesis,  as  its 
authors  propounded  it,  explains  the  similarity  in  the  composi- 
tion of  the  members  of  the  solar  system  which  is  indicated 
by  the  analysis  of  meteorites  and  by  the  spectroscope,  though 
the  facts  thus  revealed  were  unknown  to  Kant  and  Laplace. 
It  is  also  compatible  with  and  accounts  for  the  heterogeneity 
in  the  composition  of  the  earth  manifested  in  the  actual 
asymmetric  distribution  of  oceans,  mountain  ranges  and 
anomalies  of  gravitational  force,  as  well  as  in  the  curiously 
local  occurrence  of  certain  ores  (such  as  those  of  tin  and 
mercury)  and  in  the  predominance  of  certain  alkalies  among 
the  rocks  over  wide  areas. 

This  heterogeneity,  however,  is  of  a  small  order  of  mag- 
nitude. The  genera!  dependence  of  gravity  on  latitude,  the 
nearly  spheroidal  shape  of  the  earth  and  other  phenomena 
show  that  the  distribution  of  density  is  nearly  symmetrical, 
while  the  divergence  of  the  spheroid  from  the  figure  char- 
acteristic of  a  fluid  of  the  same  mean  density  and  mass  as 
the  earth  demonstrates  that  the  interior  layers  of  equal 
density  are  oblate.  These  and  similar  facts  are  consistent 
with  and  are  strong  evidence  for  the  hypothesis  that  the 
globe  has  been  fused  at  least  to  a  considerable  depth  from 
the  glowing  surface  of  the  gathering  nebulous  mass.  Never- 
theless, Houghton,  and  more  recently  professor  Chamberlin, 
have  supposed  that  the  accretion  of  nebulous  matter  was  so 
slow  that  the  heat  of  impact  did  not  suffice  to  produce 
fusion.  The  hypothesis  of  superficial  fusion  is  not  incompati- 
ble with  the  minor  heterogeneity  pointed  out  above;  for 
the  laws  of  diffusion  in  viscous  fluids  give  proof  that  sensibly 
perfect  homogeneity  could  not  be  produced  even  in  50,- 
000,000  years  throughout  a  body  of  liquid  originally  hetero- 
geneous and  possessing  a  tenth  of  the  mass  of  the  earth.     On 
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the  other  hand,  there  is  no  known  ground  other  than  mere' 
convenience  for  supposing  an  original  homogeneity  either 
of  the  nebula  or  of  the  earth. 

The  problem  of  the  distribution  of  density  in  the  earth 
is  one  of  the  most  important  in  all  geophysics.  It  is  as  sig- 
nificant for  geodesy  and  terrestrial  magnetism  as  for  geology. 
That  Paplace's  empirical  law  represents  it  approximately  is 
generally  acknowledged,  but  it  appears  substantially  certain 
that  this  is  merely  an  approximation  without  theoretical 
value.  Only  extended  researches,  however,  can  replace  it  by 
one  better  founded. 

The  solidity  of  the  earth  is  now  very  generally  accepted, 
though  Descartes's  hypothesis  of  its  fluidity,  invented  to  sat- 
isfy his  erroneous  theory  of  vortices,  died  hard.  Lord  Kelvin 
showed  from  tidal  phenomena  that  the  effective  rigidity  of  the 
earth  is  about  that  of  a  continuous  globe  of  steel.  Professor 
Newcomb  pointed  out  that  the  Chandlerian  nutation  leads  to 
the  same  conclusion  and  an  almost  identical  value  of  tlie 
modulus  of  rigidity,  and  professor  George  H.  Darwin  dem- 
onstrated that,  if  the  earth  is  a  viscous  fluid,  its  viscosity 
must  be  some  20,000  times  as  great  as  that  of  hard  brittle 
pitch  near  the  freezing  point  of  water.  From  the  point  of 
view  of  modern  physical  chemistry  and  in  consideration  of 
professor  Arrhenius's  opinions,  the  matter  requires  further 
consideration.  In  particular  it  is  most  important  to  know 
whether  the  earth  is  substantially  a  crystalline  solid  or  an  am- 
orphous substance,  for  many  modern  physical  chemists  con- 
sider amorphous  matter  as  liquid.  This  opinion  is  far  from 
being  established,  however,  and  recent  experiments  by  Mr. 
Spring  show  that  mere  deformation  at  ordinary  temperatures 
attended  by  only  a  very  small  absorption  of  energy,  suffices 
to  convert  crystalline  metals  into  substances  exhibiting 
characteristics  of  amorphous  bodies.  Since  Nordenskiold's 
great  discovery  of  great  masses  of  terrestrial  iron,  or,  rather, 
nickel  steel,  in  Greenland,  and  the  wide  distribution  since 
proved  for  similar  metal  imbedded  in  igneous  rocks,  a  great 
amount  of  evidence  has  accumulated  that  a  large  part  of  the 
earth  is  composed  of  material  indistinguishable  from  that  of 
metallic  meteorites.  Meteoric  iron  is  of  course  a  higWy  crys- 
talline material- 
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It  is  a  very  striking  fact  that  the  mean  rigidity  of  the 
earth  is  about  that  of  steel,  for  the  only  subatancea  likely  to 
occur  in  extensive  continuous  masses  and  displaying  such 
rigidity  at  ordinary  temperatures  and  pressures  is  steel  itself. 
Nevertheless,  the  conclusion  can  not  yet  be  drawn  from  the 
resistance  to  deformation  displayed  by  the  earth,  that  it  is 
chiefly  composed  of  steel.  Elastic  resistance  is  known  to  be 
a  function  both  of  pressure  and  of  temperature,  and  until  this 
function  has  been  determined  by  theory  and  experiment,  the 
bearing  of  the  evaluation  of  rigidity  by  tidal  action  can  not 
be  ascertained. 

Having  shown  the  earth  to  be  a  solid  globe,  lord  Kelvin  ' 
calculated  its  age  from  one  of  Fourier's  theorems,  assuming 
for  purposes  of  computation  an  initial  temperature  of  7000 
degrees  F.  (nearly  3900  degrees  C.)  and  that  the  thermal 
diffusivity  of  the  earth  is  that  of  average  rock.  These  assump- 
tions, with  the  observation  that  the  temperature  near  the 
surface  of  the  earth  increases  at  the  rate  of  i  degree  F. 
for  every  50  feet  of  depth,  lead  to  an  age  of  98,000,000  years ; 
but  on  account  of  the  uncertainty  as  to  conductivities  and 
specific  heats  in  the  interior,  the  conclusion  drawn  by  lord 
Kelvin  was  only  that  the  time  elapsed  since  the  inception 
of  cooling  is  between  20  and  400  million  years. 

Clarence  King  subsequently  took  a  further  important 
step  on  the  basis  of  data  determined  at  his  request  by  pro- 
fessor Carl  Barus  on  the  volume  changes  which  take  place 
in  diabase  during  congelation,  and  on  the  effects  of  pressure 
in  modifying  the  melting  and  solidifying  points.  Assuming 
that  the  earth  can  never  have  had  a  crust  floating  on  a  liquid 
layer  of  inferior  density,  computation  leads  him  to  24  million 
years  as  the  maximum  period  for  the  time  since  superficial 
consolidation  was  effected,  provided  that  the  superficial 
temperature  gradient  and  conductivity  are  correctly  determ- 
ined. 

These  researches,  together  with  Helmholtz's  investiga- 
tion on  the  age  of  the  solar  system,  which  is  incomplete  for 
lack  of  knowledge  of  the  distribution  of  density  in  the  sun, 
have  had  a  restraining  influence  on  the  estimates  drawn  from 
sedimenitation  by  geologists.  Many  and  perhaps  moist 
geologists  now  regard  something  less  than  100  million  years 
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as  sufficient  (or  the  development  of  geological  phenomena. 
Yet  the  subject  can  not  be  regarded  as  settled  until  our 
knowledge  of  conductivities  is  more  complete.  An  iron  nu- 
cleus, for  example,  would  imply  greater  conductivity  of  the 
interior  and  a  higher  age  for  the  earth  than  that  computed 
by  King,  though  probably  well  within  the  range  explicitly 
allowed  by  lord  Kelvin  in  view  of  the  uncertainty  of  this 
datum.  ' 

The  researches  of  Kelvin  and  Darwin,  supplementing 
those  of  Kant  and  others,  have  left  no  doubt  that  the  moon 
was  formerly  closer  to  the  earth  than  it  now  is,  and  that  the 
rotation  of  the  latter  was  more  rapid,  involving  a  greater 
ellipticity  of  the  meridan  than  it  now  shows.  In  a  fluid  or 
Cartesian  earth  the  change  of  figure  might  have  produced 
little  effect  on  the  structure  of  the  planet.  If  the  earth  is 
chiefly  a  mass  of  crystalline  nickel  steel,  it  is  very  possible 
that  such  a  change  in  the  figure  of  equilibrium  might  rupture 
it.  Since  the  epoch  at  which  the  earth  rotated  in  5  hours 
30  monutes  the  polar  axis  must  have  elongated  by  several 
per  cent.,  most  of  it  before  the  time  of  rotation  was  reduced 
to  II  hours.*  Were  the  earth  chiefly  composed  of  forged 
steel,  such  elongation  might  be  produced  by  plastic  deform- 
ation ;  but  meteoric  iron  is  rather  comparable  with  cast  iron, 
or  better  still,  with  relatively  brittle,  unforged  cement  steel, 
and  might  break. 

Now  it  is  an  indubitable  fact  that  a  majority  of  the  out- 
lines of  the  great  oceanic  basins  and  the  chief  tectonic  lines 
of  the  globe,  lie  nearly  on  great  circles  tangent  to  the  Arctic 
ocean  and  to  the  Antarctic  continent.^  These  lines,  or  most 
of  them,  are  of  extremely  high  geological  age,  their  main 
features  having  found  expression  as  early  as  the  oldest 
knowiT  fossils  and  in  some  cases  still  earlier.    It  appears  to 

•Compara  TlioinpsoD  and  TnJt,  'Nat.  PblL,'  B«c.  771,  where  the 
rotational  period  and  eccentricity  are  given  for  a  fluid  of  the  niHas  of 
tbe  eartb  and  soucBSlns  Ita  moan  denaltr.  When  the  perioil  la  5li. 
lOin.i  thla  table  BlTes  the  data  for  computing  that  the  polar  ails  baa 
a  tenfftb  equal  to  4.95  of  the  lensth  vhlch  It  bas  when  the  period  la  a 
alderea]  d*)r.      For  rotation  In  lob.  ETm.  the  polar  axis  la  0.99  tlmea  tbat 

t  In  ltE7  profeaaor  R.  Owen,  of  Tonneaaee,  and  IndependenUT,  Ben- 
jamin Pierce,  called  attention  to  the  tangency  of  tbe  'ooaat  lines  to  the 
polar  drclee  (not  to  the  coaat  lines  of  tbe  arctic  sea  and  the  antaroUc 
oontlnent),  each  attrlbutLnK  the  facta  to  the  Influence  of  the  auD.  In 
the  flrat  'Yearbook'  of  tbe  Carnegie  lotUtution  I  fOJIed  to  refer  to 
theie  pubUeatlont. 
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me  very  possible  that  these  fundamental  ruptures  of  the 
globe  were  due  to  the  change  of  figure  attendant  upon  the 
diminution  of  the  earth's  period  of  rotation.  Their  sym- 
metrical disposition  with  reference  to  the  polar  axis  is  un- 
questionable, as  well  as  the  fact  that  they  penetrate  to  great 
depths.  They  must  be  due  to  some  tremendous  force  acting 
axially,  which  actually  altered  the  ellipticity  of  the  meridian, 
since  these  fissures  could  not  have  been  formed  without 
modifying  the  shape  of  the  globe,  and  the  only  known  dis- 
turbance of  this  description  is  the  change  of  figure  referred 
to.  On  the  other  hand,  were  the  earth  homogeneous,  such 
ruptures  would  be  expected  to  have  as  envelopes  small  cir- 
cles in  latitude  45  degrees  instead  of  at  about  latitude  70 
degrees.  But  since  the  earth  is  not  homogeneous,  this  dis- 
cordance does  not  invalidate  the  suggestion. 

Be  this  as  it  may,  upheavals,  subsidences  and  attendant 
contractions  have  been  in  progress  throughout  the  whole  of 
historical  geology  or  the  period  within  which  fossils  aflord 
a  guide  to  the  succession  of  strata.  The  so-called  contrac- 
tional  theory  has  shown  itself  wholly  inadequate  to  account 
for  the  amount  of  deformation  traceable  in  the  rocks  of  the 
globe,  nor  has  the  extravasation  of  igneous  rock  been  suffi- 
cient to  account  for  the  phenomena.  To  me  the  earth  appears 
to  be  a  somewhat  imperfect  heat  engine  in  which  the  escape 
of  thermal  energy  is  attended  by  the  conversion  of  a  part 
of  the  supply  into  the  vast  amount  of  molar  energy  mani- 
fested in  the  upthrust  and  crumpling  of  the  continents.  The 
subject  will  probably  turn  out  to  be  accessible  mathematical- 
ly after  certain  experimental  determinations  have  been  made 
and  I  shall  return  to  it  presently. 

Orogeny  or  mountain  building  is  a  mere  detail  of  the 
more  general  subject  of  upheaval  and  subsidence,  but  it  ex- 
hibits problems  of  great  complexity  both  from  the  experi- 
mental and  from  the  theoretical  points  of  view.  There  is  no 
question  that  unit  strains  are  often  reached  or  even  sur- 
passed in  contorted  strata  and  in  belts  of  slate,  but  the  theo- 
ries of  elasticity  and  plasticity  as  yet  developed  are  inade- 
quate to  deal  with  these  strains  in  complex  cases.  An  in- 
vestigation on  finite  elastic  and  plastic  strain  is  now  under 
way  in  my  laboratory  and  has  made  gratifying  progress  thus 
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far;  but  this  is  not  the  place  for  detailed  results.  Some- 
thing also  has  been  done  in  the  way  of  working  out  homo- 
geneous finite  strains  in  rocks,  so  that  the  general  nature  of 
joints,  faults  and  systems  of  fissures  and  the  mechanism  of 
faulting  is  now  fairly  clear.  The  theory  of  slaty  cleavage 
is  a  subject  of  dispute  in  which  I  have  taken  part.  Few  col- 
leagues appear  to  agree  with  me  that  this  cleavage  is  due 
to  weakening  of  cohesion  on  planes  of  maximum  slide,  but  I 
am  not  hopeless  that  my  view  will  make  its  way  to  favor 
in  time. 

Seismology  is  a  vast  subject  by  itself,  but  one  almost 
totally  lacking  in  theoretical  foundation.  Seismological  ob- 
servations should  afford  the  means  of  exploring  the  elastic 
properties  of  the  earth  throughout  its  interior,  but  the  theory 
of  the  vibrations  of  a  spheroid  like  the  earth  is  not  yet 
worked  out.  Meantime  observations  are  being  accumulated, 
but  it  can  be  foreseen  that  these  will  contribute  little  to  elu- 
cidation until  they  include  the  vertical  components  of  the 
vibrations  as  well  as  the  horizontal  ones.  In  other  words, 
we  must  know  the  angle  at  which  the  wave  emerges  from  the 
surface  as  well  as  its  azimuth.  The  causes  and  conditions 
of  earthquakes  afford'  a  separate  topic  of  great  interest.  That 
some  of  them  are  of  volcanic  origin  is  evident ;  others  appear 
to  be  due  to  paroxysmal  faulting,  yet  there  is  very  possibly 
a  common  underlying  cause. 

On  no  subject  are  opinions  more  divergent  than  con- 
cerning the  origin  and  mechanism  of  volcanoes.  To  the 
ancients  they  were  the  mouths  of  the  river  Phlegethon,  To 
those  who  adhere  to  the  Cartesian  doctrine  they  are  com- 
munications with  the  liquid  interior  of  the  earth.  Most 
geologists  think  of  them  as  connected  with  hypogeal  reser- 
voirs of  melted  matter  subsisting  for  indefinitely  long  periods 
of  time.  Finally  it  is  conceivable  that  the  lava  may  be  ex- 
truded as  soon  as  the  melted  mass  has  accumulated  in  suf- 
ficient quantity,  somewhat  as  water  may  break  through  an 
obstructing  dam  after  its  depth  reaches  a  certain  value.  The 
continual  movements  of  the  rocks  show  that  they  must  be 
to  some  extent  in  a  state  of  elastic  strain,  so  that  a  given 
cubic  mile  of  rock  resists  surrounding  pressure  in  virtue 
both  of  its  rigidity  and  of  its  compressibility.     If  that  cubic 
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mile  becomes  liquid,  its  rigidity  is  gone  and  the  change  o( 
shape  of  surrounding  masses  may  aid  in  its  expulsion.  Of 
course  imprisoned  gases,  especially  the  "juvenile  waters"  of 
professor  Suess,  may  also  play  a  very  important  part  in  ex- 
pulsion. But  the  more  I  have  studied  the  matter,  the  less 
probable  it  seems  to  me  that  considerable  bodies  of  melted 
lava  can  remain  quiet  for  long  periods  of  time  in  the  depths 
of  the  earth.  The  influences  tending  to  thdr  expulsion 
would  seem  to  be  at  a  maximum  immediately  after  the 
fusion  of  enough  material  to  supply  an  eruption. 

Relief  of  pressure  is  often  invoked  to  explain  fusion  of 
lava,  but  it  is  not  a  wholly  satisfactory  cause.  If  a  deep  crack 
were  to  form,  the  rock  at  the  bottom  might  melt  indeed,  but, 
as  the  crack  filled,  the  pressure  and  the  solidity  of  the  source 
would  be  restored.  To  me,  Mallet's  hypothesis  is  more  sat- 
isfactory, so  far  as  the  explanation  of  fusion  is  concerned. 
Only  those  who  have  studied  the  minute  evidence  of  me- 
chanical action,  in  mountain  ranges  can  appreciate  the  evi- 
dence they  present  of  stupendous  dissipation  of  energy.  This 
has  not  indeed  been  enough  to  fuse  rocks,  but  it  is  hard  to 
conceive  that  it  is  always  insufficient-  to  furnish  the  latent 
heat  of  fusion  to  rocks  already  close  to  their  melting  point 
under  the  prevailing  pressure.  From  this  point  of  view,  vul- 
canism  is  a  feature  of  orogenic  movement  and  it  is  to  be 
looked  for  where  relative  motions  are  concentrated  in  zones 
so  narrow  that  the  local  dissipation  of  energy  is  relatively 
intense.  It  is  also  possible  that  percolating  waters,  by  re- 
ducing the  melting  points  of  rocks,  sometimes  bring  about 
fusion  without  change  of  temperature.  Such  a  hypothesis 
might  fit  the  volcanoes  of  the  Hawaiian  islands  where  there 
is  no  known  faulting  in  progress. 

The  physics  of  magmatic  solution  is  a  great  subject 
which  is  experimentally  almost  untouched,  although  a  vast 
amouitt  of  geological  speculation  has  been  based  upon  as- 
sumed properties  of  magmas.  It  is  only  within  a  few 
months  that  even  satisfactory  melting-point  determinations 
of  those  most  important  rock-forming  minerals,  the  lime- 
soda  feldspars,  have  been  made.  The  feldspars  are  only  one 
series  of  isomorphous  mineral  mixtures.  Their  study  is  fun- 
damental and  must  be  followed  by  that  of  the  remaining 
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class,  i.  c,  the  eutectics.  These,  ia  my  opinion,  will  lead  to 
a  rational  classification  of  igneous  rocks,  themselves  mix- 
tures and  incapable  of  logical  description  except  in  terms 
of  standard  mixtures,  the  eutectics. 

It  appears  to  me  tiighly  probable,  for  many  reasons,  that 
the  magmas  of  the  granular  rocks  are  not  liquids  but  stifi 
«mulsions,  comparable  with  modeling  clay,  the  solid  constit- 
uents (perhaps  free  oxides)  being  merely  moistened  with 
magmatic  liquids.  Such  masses  behave  mechanically  like 
soft  solids ;  they  display  some  rigidity  and  in  them  diffusion  is 
reduced  to  a  vanishing  quantity.  They  may  be  ruptured  and 
the  (aplitic  or  pegmatitic)  liquid  portion  may  then  seep  into 
the  cracks.  Such  magma  might  be  forced  into  minute  fis- 
sures, as  is  the  case  when  clay  is  molded  to  terra  cotta 
articles  and  yet  it  would  support  permanently,  on  its  upper 
surface,  rocks  of  superior  density.  Only  in  such  a  magma 
can  I  comprehend  the  simultaneous  growth  of  crystals  of 
various  minerals;  for  in  a  liquid  not  exactly  eutectic,  the 
formation  of  crystals  must  follow  a  definite  order.  Again, 
if  banded  gneisses  and  gabbros  had  been  fluid,  the  bands 
would  show  evidences  of  diffusion  which  as  a  rule  are  absent 
or  barely  traceable  in  these  rocks. 

The  relations  between  consanguineous  massive  rocks 
have  occupied  a  large  part  of  the  attention  of  geologists  for 
many  years.  At  one  time  it  was  supposed  that  liomogene- 
ous  liquid  magmas  might  split  up  into  two  or  more  homo- 
geneous magmas  by  processes  of  molecular  flow  due  to  dif- 
ferences of  osmotic  pressure.  This  process  was  called  the 
differentiation  of  magmas.  It  has  been  shown,  however, 
that  these  processes  are  so  much  slower  even  than  heat  dif- 
fusion, that  they  cannot  be  efficient  beyond  distances  of  a 
few  centimeters.  For  this  reason,  Mr.  Teall,*  who  first 
suggested  the  application  of  the  Soret  process  to  account 
for  differentiation,  professor  Broggert  and  others,,  have 
abandoned  the  hypothesis  of  differentiation  on  a  considerable 
scale  by  molecular  flow.  Nevertheless,  observations  on  lac- 
coliths and  other  occurrences  leave  no  doubt  that  a  single 
magma    may  solidify  to    different  though    consanguineous 
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rocks.  '  If  the  separation  is  not  molecular  it  is  self-evident 
that  it  must  be  molar.  The  only  molar  currents  readily  con- 
ceivable in  a  body  of  magma  are  convection  currents,  and 
these,  or  even  an  equivalent  mechanical  stirring,  would 
necessarily  lead  to  fractional  crystallization,  a  familiar  pro- 
cess known  even  to  the  pupils  of  Aristotle,  and  which  is 
almost  unavoidable  when  mixed  solutions  solidify.  This 
process  is  one  of  precipitation  and  is  absolutely  distinct  from 
the  differentiation  (or,  more  properly,  segregation)  of  rock 
magmas,  in  which  a  single  liquid  is  supposed  to  separate 
into  two  or  more  distinct  liquids.  The  general  conditions 
of  the  order  of  precipitation  during  fractional  crystallization 
in  acordance  with  the  phase  rule  are  by  no  means  beyond 
the  reach  of  discussion,  and  the  able  investigations  of 
Messrs.  J.  H.  L.  Vogt  and  J.  Morozewicz  have  a  direct  bear- 
ing on  this  subject. 

A  mystery  which  will  assume  greater  importance  as  the 
accessible  supply  of  coal  diminishes  is  the  origin  of  petro- 
leum. There  is  much  to  be  said  in  favor  of  the  unpopular 
hypothesis  of  Mendeleef,  supported  by  experiments  on  cast 
iron,  that  liquid  hydrocarbons  are  due  to  the  decomposition 
of  the  iron  carbides  of  the  terrestrial  nucleus.  Such  vast 
accumulations  of  oil  as  exist  on.  the  Caspian  and  the  Cauca- 
sus seem  incompatible  with  the  hypothesis  of  animal  or 
vegetable  origin,  although  oils  belonging  to  the  same  series 
as  do  the  petroleums  have  been  produced  in  the  laboratory 
from  organic  materials.  On  the  other  hand,  some  meteor- 
ites contain  hydrocarbons  (which  may  themselves  be  due  to 
the  alteration  of  iron  carbides)  and  there  are  geologists  who 
infer  that  the  petroleum  may  be  derived  from  the  mass  of 
the  earth  itself.*  If  tlie  origin  of  the  oil  is  not  animal  or 
vegetable,  the  supply  is  very  likely  inexhaustible.  More 
extended  study  of  the  connection  between  volcanic  phe- 
nomena and  the  origin  of  asphaltic  and  other  hydrocarbons 
is  a  desideratum. 

Ore  deposits  themselves  form  the  branch  of  geology 
which  was  earliest  cultivated  and  which  will  never  lose  its 
interest  so  long  as  mankind  remains  gainful.  Yet  much  re- 
mains to  be  done  by  experiment  for  the  theory  and  practice 
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of  mining  geology.  The  mechanism  of  the  secondary  en- 
richment of  ores,  particularly  those  of  copper,  detected  by 
Mr.  S.  F.  Emmons  and  enlarged  upon  by  Mr.  W.  H.  Weed,  is 
being  studied  experimentally  in  the  laboratories  of  the 
U.  S.  Geological  Survey.  A  feature  deserving  careful  ex- 
perimental study  is  the  osmotic  separation  of  ores  from  their 
solutions  by  the  wall  rock.  Many  minutiae  of  occurrence 
suggested  that  the  walls  of  veins  often  act  as  a  species  of 
diaphragm  or  molecular  filter  and  have  a  dialytic  action  on 
the  ore  solutions.*  The  origin  of  the  ores  themselves  is  still 
very  obscure  and  will  hardly  be  elucidated  until  more  is 
known  of  the  earth's  interior.  Sometimes  they  seem  to  be 
derived  from  adjacent  rocks ;  in  other  cases  conditions  sug- 
gest that  the  rocks  and  the  veins  derive  their  metallic  con- 
tent from  a  common  deep-seated  source.  Here,  as  in  several 
other  connections,  professor  Suess's  theory  of  "juvenile  wa- 
ters" is  very  suggestive.  It  is  held  that  many  of  the  great 
iron  deposits  are  due  to  magmatic  separation.  Depositions 
of  lead  ores  by  replacement  of  calcite  is  a  known  process, 
but  takes  place  under  unknown  conditions.  In  some  cases 
replacement  of  rock  by  ores  appears  to  me  to  be  alleged 
without  sufficient  proof.  Pseudomorphosis  is  the  only  ade- 
quate test  of  replacement. 

Erosion  appears  to  be  a  subject  which  is  capable  of  more 
exact  treatment  than  it  has  received.  Weathering  and 
abrasion  proceed  with  a  rapidity  which  increases  with  the 
surface  exposed  per  unit  of  volume.*  Hence  these  processes 
lead  to  minimum  surfaces.  Therefore  also  the  mathematics 
of  erosion  is  essentially  identical  with  that  of  capillarity. 

Geological  climates  are  as  interesting  to  astrophysicists 
as  to  meteorologists  and  geophysicists.  Messrs.  Langley 
and  Abbot  appear  to  have  evidences  of  recent  variations  in 
solar  emanation.  If  these  have  been  considerable  in  the 
course  of  the  period  of  historical  geology,  light  should  be 
thrown  upon  them  by  the  paleontology  of  the  tropics.  Vari- 
ations in  the  composition  of  the  atmosphere  must  have  been 
very  influential  in  determining  both  the  mean  temperature  of 
the  earth's  surface  and  the  distribution  of  temperature ;  but 
so  also  is  the  distribution  of  water.     No  theory  of  the  glacial 
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period  seems  generally  accepted.  Croll's  theory  is  discred- 
ited. I  have  shown  to  my  satisfaction  tliat  the  astronomical 
conditions  most  favorable  to  gladation  are  high  obliquity 
and  low  eccentricity  of  the  earth's  orbit,t  but  can  not  claim 
any  extensive  following.  If  I  am  right,  it  should  be  possible 
to  obtain  a  definite  measure  of  geological  time  in  years  as 
soon  as  the  astronomers  have  completed  the  theory  of  secu- 
lar variations  in  the  planetary  system  so  far  as  to  be  able  to 
assign  the  lapse  of  time  between  successive  recurrences  of 
low  eccentricity  and  high  obliquity. 

A  most  interesting  observation,  which  promises  much 
light  on  tbe  past  history  of  the  globe,  is  that  lavas  and  strata 
indurated  by  lavas  retain  the  polarity  characteristic  of  the 
locality  in  which  they  cooled.*  The  time  may  come  when  this 
"will  lead  to  determinations  of  the  relative  age  of  lavas,  the 
duration  of  periods  of  eruption  and  possibly  even  absolute 
determinations  of  date. 

Geology  has  long,  and  with  some  justice,  labored  under 
the  reproach  of  inexactitude.  As  has  been  illustrated  in  the 
preceding  pages,  the  science  is  still  in  the  qualitative  stage 
and  almost  wholly  lacks  the  precision  of  astronomy.  Even 
'tis  most  ardent  students  have  seldom  succeeded  in  ascertain- 
ing the  quantitative  relations  between  effects  and  operative 
causes  and  have  been  perforce  content  to  indicate  tendencies. 
Thus  geological  doctrine  is  far  too  much  a  matter  of  opinion, 
hut  this  is  hardly  the  fault  of  the  areal  geologist.  The  coun- 
try must  be  mapped  both  for  economic  reasons  and  to  accu- 
mulate a  knowledge  of  the  facts  to  be  explained.  Working 
hypotheses  the  field  geologist  must  have,  or  he  could  not 
prepare  his  map ;  and  he  is  only  responsible  for  living  up  to 
the  standard  of  knowledge  of  his  time.  He  is  continually 
face  to  face  with  phenomena  for  which  physics  and  chemistry 
should  account,  though  they  may  have  not  yet  done  so,  and 
must  accept  seeming  probabilities  were  certainty  is  unattain- 
able. So,  too,  Kepler's  predeces^rs  recorded  facts  and 
guessed  at  generalizations  as  best  they  might. 

The  physics  of  extreme  conditions  still  awaits  satisfac- 
tory exploration.    The  geologist  turns  to  the  physicist  for 
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help  and  in  most  cases  meets  with  the  reply;  We  can  not  tell. 
Astrophysics  is  in  much  the  same  situation.  Astronomers 
know  as  little  of  the  distribution  of  density  in  the  stars  or 
planets  as  do  geologists.  Real  knowledge  of  the  physics 
and  chemistry  of  high  temperatures  would  be  as  welcome  to 
them  as  to  us.  After  all,  physical  geology  is  the  astro- 
physics of  this,  the  only  accessible  planet.  Geodesy,  too,  and 
terrestrial  magnetism  are  waiting  for  the  solution  of  geo- 
physical problems.  How  much  miglit  be  done,  lord  Kelvin 
and  Mr.  George  H,  Darwin  have  shown ;  but  there  are  many 
problems  too  broad  and  too  laborious  to  be  solved  by  in- 
dividual effort,  and  these  are  as  essential  to  the  rounding 
out  of  the  science  of  physics  as  they  are  to  the  development 
of  geology  and  astrophysics. 

In  the  brief  review  which  precedes,  I  have  endeavored  to 
show  that  the  history  of  the  earth  bristles  with  problems,  few 
of  them  completely  solved,  though  in  many  cases  we  have 
some  inkling  of  the  solution.  This  sketch  has  been  drawn 
for  the  purpose  of  considering  the  strategy  of  a  campaign 
against  the  series  of  well  intrenched  positions  occupied  by 
our  great  enemy,  the  unknown. 

Generalizing  the  results  of  the  sketch  presented,  it  is 
easy  to  see  that  nearly  all  the  problems  suggested  involve 
investigation  of  the  properties  of  solids,  or  of  liquids,  or  of 
the  transition-from  one  phase  to  the  other.  It  is  the  business 
of  the  experimental  physicist  to  establish  linear  relations ;  it 
is  the  occupation  of  the  mathematical  physicist  to  draw  log- 
ical inferences  from  these  relations.  Each  will  have  plenty 
to  do  in  a  methodical  study  of  geophysics. 

There  can  be  no  doubt  that  the  character  of  the  earth'* 
interior  and  the  physical  laws  which  there  prevail  constitute 
the  most  fundamental  object  of  geological  and  geophysical 
research,  while  the  results  of  successful  investigation  would 
be  immediately  applicable  at  least  to  the  moon  and  Mars. 
No  one  questions  that  enormous  pressures  and  very  high 
temperatures  exist  near  the  earth's  center,  while  the  quality 
of  matter  which  constitutes  the  interior  can  not  be  satisfac- 
torily determined  until  we  know  how  substances  would  be- 
have under  extreme  pressure  and  at  temperatures  approach- 
ing z,ooo  degrees  C.     There  is  every  reason  to  suppose  that 
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under  purely  cubical  compression  dense,  undeformed  solids 
are  perfectly  elastic.  Hence  the  basal  problem  of  geophysics 
is  to  hnd  the  law  of  elastic  compressibility.  This  can  not  be 
accomplished  by  direct  means,  but  the  task  is,  nevertheless, 
as  pointed  out  above,  not  a  hopeless  one,  and  has  been  taken 
in  hand.  Should  success  be  achieved,  researches  will  follow 
on  the  variation  of  elasticity  with  temperature.  This 
feature  of  the  investigation  will  present  very  great  experi- 
mental and  theoretical  difficulties,  but  there  is  no  good 
reason  to  despair  of  success. 

When  the  law  of  resistance  of  solid  bodies  becomes 
known  as  a  function  of  both  temperature  and  pressure,  even 
for  isotropic  substances  with  only  two  modutuses  of  elastic- 
ity, the  way  will  be  opened  to  various  important  investiga- 
tions, largely  mathematical  in  character.  It  is  true  that 
thoroughly  isotropic  bodies  are  seldom  met  with,  yet  geo- 
logical masses  must,  nevertheless,  often  approach  closely  to 
this  ideal.  Many  of  the  most  important  rocks  are  chiefly 
composed  of  triclinic  feldspars,  which,  indeed,  occur  about  as 
abundantly  as  all  other  minerals  found  at  the  surface  of  the 
earth  put  together.  A  triclinic  feldspar  crystal  rejoices  in 
the  full  possible  number  of  elastic  moduluses,  21.  Yet  a 
large  spherical  mass  of  small,  fortuitously  oriented  feldspars 
will  behave  to  external  forces  of  given  intensity  and  direction 
in  the  same  way,  no  matter  how  the  sphere  may  be  turned 
about  its  center,  and  will,  therefore,  act  as  an  isotropic  body. 
This  fact  is  enough  to  show  that  an  indefinite  variety  of  inti- 
mate molecular  structures  are  compatible  with  molar  iso- 
tropy. 

Thus  a  knowledge  of  isotropic  elasticity  will  sufEce  as  a 
basis  for  testing  reasonable  hypotheses  of  the  constitution  of 
the  earth's  interior,  taking  into  account  its  known  rigidity 
and  density.  Still  greater  light  can  be  thrown  on  this  subject 
by  including  in  the  investigation  the  moon  and  Mars;  for 
their  masses  and  dimensions  are  known  and  there  seems 
every  probability  that  they  are  composed  of  the  same  mate- 
rials as  the  earth,  though  in  different  proportions.  If  a  given 
hypothesis  as  to  the  chief  constituents  satisfies  the  known 
conditions  of  all  three  planets,  it  will  doubtless  find  accept- 
ance.    Such  a  result  would  open  the  way  to  fresh  advances 
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in  geodesy  and  terrestrial  magnetism,  and  cast  backward 
through  the  vista  of  time  a  ray  of  light  on  the  nebular  hypo- 
thesis. 

Again,  when  the  law  of  elasticity  and  the  approximate 
constitution  of  the  globe  are  known,  it  will  be  possible  to 
work  out  a  satisfactory  theory  of  the  simpler  modes  of  vibra- 
tion in  a  terrestrial  sphere,  and  then  seismological  observa- 
tions can  be  applied  to  determining  more  precisely  the  in- 
trinsic elastic  moduluses  of  the  earth  along  the  paths  of 
earthquake  waves. 

It  will  also  be  practicable  to  examine  critically  the  pos- 
sible rupture  of  the  globe  as  a  consequence  of  change  of 
figure  and  to  study  intelligently  the  simpler  cases  of  the 
crumpling  of  strata,  fissuring  and  other  problems  in  the  me- 
chanics of  orogeny. 

The  science  of  elasticity  has  had  a  very  disappointing 
history.  Simple  as  is  the  assumption  uf  ttnsio,  iic  vis,  the 
attempt  to  solve  even  such  seemingly  elementary  problems 
as  the  flexure  of  a  uniformly  loaded  rectangular  bar  leads  to 
insoluble  equations ;  so  that  the  science  has  been  relatively 
unfruitful.  It  remains  to  be  seen  whether  a  truer  relation 
between  load  and  strain  will  not  simphfy  formulas  and  in- 
crease the  applicability  of  algebra  to  concrete  cases. 

From  an  astrophysical  point  of  view  tlic  dialytic  action 
of  mineral  septa  is  unimportant,  but  it  has  a  very  interesting 
bearing  on  metamorphism  and  ore  deposition,  and  may  read- 
ily contribute  to  economic  technology. 

The  relations  of  viscosity  to  the  diffusion  of  matter  have 
not  yet  been  elucidated  even  for  ordinary  temperatures.  This 
subject  is  one  of  much  importance  in  connection  with  the 
genesis  of  rock  species,  and  of  course  it  should  be  studied  at 
10  degrees  before  undertaking  researches  at  r,oco  degrees. 

High  temperature  work  is  essential  even  in  the  investi- 
gation of  the  elastic  problem  and  it  is  almost  a  virgin  field. 
Even  thermometry  is  very  imperfect  above  the  melting  point 
of  gold,  though  it  is  destined  soon  to  become  exact  at  least 
as  high  as  2,000  degrees,  a  range  which  will  probably  suffice 
for  geophysics.  But  we  are  also  in  almost  total  ignorance 
of  the  extent  to  which  the  laws  of  physics,  studied  at  ordinary 
temperatures,  prevail  at  one  or  two  thousand  degrees.     One 
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.  of  the  less  difKcult  problems  of  this  group  is  that  of  thermal 
conductivity  and  specific  heat  of  solid  bodies  at  h^h  tem- 
peratures. For  the  principal  metals  this  is  already  known  as 
far  as  100  degrees,  but  not  foe  rocks  or  minerals.  It  would 
be  especially  desirable  to  have  such  determinations  for  gran-  - 
ite,  basalt  and  andesyte,  the  last  representing  the  averag;e 
composition  of  the  accessible  part  of  the  lithosphere. 

It  seems  to  me  that  when  the  thermal  diffusivities  are 
known  for  these  rocks,  over  a  range  of  a  thousand  degrees, 
the  question  of  upheaval  and  subsidence  can  be  attacked  with 
a  good  prospect  of  success.  A  cooling  sphere  is  conceiv- 
able in  which  the  distribution  of  thermal  diilusivity  is  such 
that  the  flow  of  heat  would  be  "steady,"  in  Fourier's  sense, 
and  thus  accompanied  by  no  superficial  deformation.  With 
any  other  distribution  of  diffusivities,  deformation  would  oc- 
cur, and  the  globe  would  act  as  an  imperfect  heat  engine, 
the  work  done  being  that  of  upheaval  or  subsidence.  Now 
when  the  assuredly  variable  value  of  diffusivity  for  the  mate- 
rials of  the  globe  is  known,  the  mathematical  conditions  for 
steady  fiow  can  be  worked  out,  and  if  these  are  not  consis- 
tent with  the  facts  of  the  globe,  a  vera  causa  for  upheaval  will 
have  been  found,  which  may  lead  to  further  and  more  detail- 
ed conclusions.  It  should  also  either  elucidate  or  simplify 
the  subject  of  fusion  of  magmas  and  their  eruptive  expul- 
sion. 

The  data  for  constitution  and  thermal  diffusivity  will 
readily  be  applicable  to  the  problem  of  the  earth's  age  and 
will  yield  a  corrected  value  of  the  pfobable  lapse  of  time  since 
the  initiation  of  the  consislenliar  status  of  the  Protogaea. 

The  most  difficult  field  in  geophysics  is  the  study  of  solu- 
tions at  high  temperatures.  This  is  largely  because  both 
methods  and  apparatus  require  to  be  mvented.  When  work 
of  this  kind  was  undertaken  in  the  laboratory  of  the  Geolo- 
gical Survey,  three  years  since,  no  furnace  existed  in  which 
pure  anorthite  could  be  melted  and  a  trustworthy  determin- 
ation of  the  temperature  of  fusion  made.  For  the  study  of 
aqueo-igneous  fusion  which  must,  of  course,  be  formed  at 
considerable  pressures,  extremely  elaborate  preparation  is 
necessary ;  indeed,  all  attempts  hitherto  made  in  this  direc- 
tion have  been  only  very  partially  successful. 
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Were  it  not  that  the  number  of  important  rock-forming 
minerals  is  small,  the  study  of  i^eous  solutions  for  geophys- 
ical purposes  would  be  an  almost  hopeless  task.  The  feld- 
spars, the  pyroxenes,  the  amphiboles  and  the  micas  appear 
to  form  isomorphous  series  and  must  be  studied  as  such. 
They,  with  quartz,  make  up  nearly  93  per  cent,  of  the  igneous 
rocks,  nephehne,  olivine,  leucite,  apatite,  magnetite  and 
titanium  minerals  substantially  completing  the  list  which 
enter  into  these  rocks  in  sensible  proportions.  After  the 
melting  points  of  the  minerals  have  been  determined  and 
their  isomorphism  has  been  studied,  the  most  important  re- 
search to  be  undertaken  is  that  on  their  eutectic  mixtures. 
Other  features,  however,  must  receive  attention,  such  as 
their  latent  heat,  ionization,  viscosity  and  diffusivity.  Im- 
mensely interesting  will  be  the  study  of  melts  into  which 
hydroxy!  enters  as  a  component  and  which  may  turn  out 
to  be  emulsions  rather  than  solutions.  Such  researches  will 
constitute  a  most  substantial  addition  to  physical  science 
and,  as  pointed  out  above,  offer  a  good  prospect  for  the  ra- 
tional classification  of  rocks. 

Enough  has  been  said  to  show  how  closely  geophysical 
researches  interlock.  Researches  at  high  temperatures  must 
accompany  investigations  at  common  temperatures,  physics 
must  be  supplemented  by  physical  chemistry,  mathemtaical 
ability  of  the  highest  order  must  be  called  upon  at  every  step 
to  elucidate  difficulties  and  to  draw  inferences  capable  of  be- 
ing again  submitted  to  inquiry,  and  some  geological  knowl- 
edge, too,  is  requisite  to  appreciate  the  bearing  of  results  and 
to  indicate  the  questions  of  importance.  No  human  being 
has  the  length  of  days,  the  strength,  the  skill  or  the  knowl- 
edge needed  to  undertake,  without  help,  the  investigation  of 
geophysics  as  a  whole.  Only  a  few  of  the  topics  touched 
upon  in  the  earlier  pages  of  this  essay  are  independent  of  co- 
operation; for  instance,  the  astronomical  conditions  favor- 
able to  glaciation  and  perhaps  the  application  of  the  mathe- 
matics of  capilarity  to  the  problem  of  erosion.  On  the  other 
hand,  the  list  of  geophysical  proBlems  reqiuring  co-operation 
could  be  almost  indefinitely  extended  even  now,  and  will  be 
supplemented  when  the  most  pressing  questions  approach 
their  answers. 
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Organization  increases  efficiency  in  scientific  work  u 
much  as  in  technical  pursuits,  though  it  has  seldom  been  at- 
tempted. Instances  in  point  are  the  U.  S.  Geological  Sur- 
vey, the  Reichsanstalt  and  astronomical  surveys  of  the  sky. 
Geophysics,  then,  is  too  difficult  a  subject  to  be  dealt  witfi 
excepting  by  a  well  organized  staff,  wording  on  a  definite 
plan  resembling  that  indicated  above.  The  tastes  and  con- 
venience of  individuals  must  give  way  to  the  methodical  ad- 
vancement of  knowledge  along  such  lines  that  the  work  of 
each  investigator  shall  be  of  tlie  utmost  assistance  to  tEe 
progress  of  the  rest. 

Work  in  geophysics  is  already  in  progress  in  this  coun- 
try, thanks  to  the  appreciative  sympathy  of  director  Walcott, 
of  the  Geological  Survey,  and  the  liberality  of  the  Carnegie 
Institution,  by  members  of  my  staff  and  in  part  under  my 
direction.  Messrs.  A.  L.  Day  and  E.  T.  Allen  have  made  an 
excellent  series  of  determinations  of  the  melting  points  of 
the  triclinic  feldspars  and  studied  their  thermal  properties. 
They  are  now  preparing  to  make  experiments  is  aqueo-  ig- 
neous fusion.  Mr,  C,  E,  Van  Orstrand  has  made  a  novel 
application  of  the  theory  of  functions  to  elastic  problems  and 
has  reduced  several  series  of  important  observations  on  elas- 
tic strains  for  comparison  with  theory.  Dr.  J.  R.  Benton  is 
occupied  in  experimental  investigation  of  elastic  strains  in 
various  substances.  The  men  engaged  in  these  researches 
are  able  and  devoted  to  their  work,  but  they  are  too  few  in 
number,  and  they  are  required  to  make  determinations  of  the 
most  delicate  character  in  an  office  building  standing  in  the 
busiest  portion  of  Washington,  where  the  walls  are  in  a  state 
of  incessant  tremor  and  where  there  is  no  suggestion  of  uni- 
formity of  temperature.  Under  such  circumstances  the  re- 
sults of  observation  can  not  be  of  the  most  refined  charac- 
ter and  must  be  obtained  at  great  expense  of  time  and  effort. 

Most  of  the  great  physicists  of  the  world  have  ex- 
pressed their  interest  in  geophysics  and  their  belief  that  the 
time  is  ripe  for  its  investigation.  Geologists  are  eager  for 
its  results,  but  no  government  can  undertake  investigations 
so  remote  from  industry  as  this,  I  do  not  think  I  can  more 
fitly  conclude  this  paper  than  by  quoting  a  resolution  intro- 
duced by  Mr.  S.  F.  Emmons  at  Vienna,  a  year  ago.     It  was 
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passed  by  acclamation  by  the  Geological  Congress,  after  a 
ringing  speech  by  professor  Suess,  and  it  expresses  my  own 
views  most  accurately, 

EMMONS'S  HESOLUTION. 

"It  is  a  well-known  fact  that  many  of  the  fundamental 
problems  of  geology,  for  example  those  concerning  uplift 
and  subsidence,  mountain-making,  vulcanology,  the  deforma- 
tion and  metamorphism  of  rocks  and  the  genesis  of  ore  de- 
posits, cannot  be  discussed  satisfactorily  because  of  the  in- 
sufBciency  of  chemical  and  physical  investigations  directed 
to  their  solution.  Thus,  the  theory  of  large  strains,  either  in 
wholly  elastic  or  in  plastic  bodies,  has  never  been  elucidated ; 
while  both  chemistry  and  physics  at  temperatures  above  a 
red  heat  are  almost  virgin  fields. 

"Not  only  geology  but  pure  physics,  chemistry  and  as- 
tronomy would  greatly  benefit  by  successful  researches  in 
these  directions.  Such  researches,  however,  are  of  extreme 
difficulty.  They  would  require  great  and  long  sustained  ex- 
penditure as  well  as  the  organized  co-operation  of  a  corps  of 
investigators.  No  existing  university  seems  to  be  in  posi- 
tion to  prosecute  such  researches  on  an  adequate  scale. 

"It  is,  therefore,  in  the  judgment  of  the  Council  of  the 
Congr^s  Geologique  International,  a  matter  of  the  utmost 
importance  to  the  entire  scientific  world  that  some  institu- 
tion should  found  a  well-equipped  geophysical  laboratory  for 
the  study  of  problems  of  geology  involving  further  researches 
in  chemistry  and  physics." 
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NOTES  ON  THE  APICAL  END  OF  THE  8IPHUNCLE  IN  SOME 
CANADIAN     ENDOCERATIDAE,     WITH     DESCRIP- 
TIONS OF  TWO  SUPPOSED  NEW  SPECIES 
OF  NANNO. 

Bj  J.  T.  Whitiatii,  Oltkn,  Ont, 

PLATES  U  AND  HI. 

In  1870  Barrande  described  and  figured  an  obliquely 
annulated,  cigar-shaped  fossil  from  Phtllipsburgh,  which  he 
thouglit  was  the  initial  part  of  the  shell  of  an  Endoceras, 
under  the  name  Onhoaras  (Endoceras)  ntarcoui,  and  in 
1874  he  redescribed  and  refigured  the  same  specimen,  and 
called  it  Endoceras  marcaui.  According  to  Foord,*  "the 
figures  of  this  fossil  give  one  the  impression  that  it  is  a  por- 
tion of  the  siphuncle,  because  it  is  marked  by  a  series  of 
oblique  rings,  which  are  acutely  bent  upward  on  one  side." 
*  *  •  "The  dark  space  represented  in  the  cross  section," 
he  adds,  "I  should  judge  to  be  one  of  the  sheaths  which 
occupy  the  cavity  of  the  siphuncle  in  this  genus."  The 
figures  show  that  the  specimen  is  annulated  to  the  very  tip, 
and  if  it  is  the  apical  end  of  a  siphuncle,  as  it  certainly  seems 
to  be,  it  must  have  been  entirely  internal.  It  looks  like  the 
cast  of  the  interior  of  part  of  the  siphuncle  of  a  Piloceras, 
and  should  probably  be  called  Pilo^tras  marcoui. 

However  this  may  be,  in  the  museum  of  the  geological 
survey  of  Canada  there  are  several  sipliuncles,  or  portions 
of  siphuncles,  of  Endoceratidae,  with  the  apical  end  pre- 
served, from  the  Black  River  limestone  at  one  of  the  islands 
in  lake  Nipissing,  collected  by  Mr.  A.  Murray  in  1854,  and 
a  few  from  the  same  formation  at  Paquettes  rapids,  on  the 
Ottawa  river,  collected  many  years  ago  by  Sir  W,  E.  Logan 
or  E.  Billings.  The  swollen  apical  end  of  the  siphuncle  it) 
these  specimens  is  so  much  like  that  part  of  the  sipho  in 
Nanno  aulema,  that  they  were  referred  to  that  Species,  by 
the  writer,  in  the  "Ottawa  Naturalist"  for  September,  1898. 
The  recent  acquisition  of  a  series  of  similar  but  much  more 
perfect  siphuncles  from  Kingston  Mills,  has,  however,  shown 

n  the  British  Museum,  Part 
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tliat  in  these  fossils  and  in  those  from  lake  Nipisstng,  the 
subsequent  and  prolonged  portion  of  the  siphuncle  is  quite 
differ^nt  from  that  of  the  western   JV.   aulema. 

The  same  museum  now  contains  a  collection  of  speci- 
mens of  siphuncles  of  at  least  four  species  of  Endocerattdae 
with  the  apical  end  preserved,  from  the  Cambro-SUuriui 
rocks  at  various  localities  in  Ontario  and  Quebec.  A  few  of 
these  specimens  are  silicified  siphuncles,  that  are  either 
water-worn  or  that  have  been  treated  with  acid,  but  by  far 
the  greater  numbsr  are  mere  casts  of  the  interior  of  the 
siphuncle.  The  silicified  specimens  show  the  general  shape 
of  the  siphuncle,  and  the  casts  the  same,  with  the  addition  of . 
more  or  less  well  defined,  obliquely  transverse  annulatiotu 
or  "septal  rings,"  and  most  of  the  structure  of  the  interior. 

In  three  of  these  specimens,  the  apical  end  of  the  siphun* 
cle  is  not  gibbous,  or  abruptly  swollen  and  then  suddenly 
contracted,  on  the  convex  inner  side,  as  in  Nanm,  and  theri 
generic  position  is  uncertain.  Two  of  them  are  from  the 
l^lack  River  limestone  at  Paquettes  rapids,  and  the  other  is 
from  the  Lorraine  shales  at  the  Don  brick  yard,  near 
Toronto. 

Tha  two  from  Paquettes  rapids,  which  are  very  different 
from  those  from  that  locality  that  had  previously  been  re- 
ferred to  Nanuo  aulema,  are  silicified  and  badly  preserved. 
They  are  both  acutely  pointed  posteriorly,  and  the  apex  of 
each  is  eccentric,  as  represented  by  figure  i,  on  plate  11.  In 
external  form  they  are  not  at  all  unlike  the  pointed  end  of 
the  guard  of  a  rather  slender  belemmte.  They  are,  also, 
very  similar  in  shape  to  the  anterior  endocone  of  the  siphun- 
cle of  a  Vaginoceras,  like  that  of  V.  (ommune,  as  figured  on 
page  514,  fig.  1055  B,  of  Eastman's  translation  of  Zittel's 
Text  Book  of  Palaeontology.  But,  externally,  they  both 
show  distinct  traces  of  obliquely  transverse  annulations  or 
septal  rings  over  the  greater  portion  of  their  surface,  and, 
internally,  there  is  a  deep,  funnel-shaped  cavity,  or  endocone, 
at  the  imperfect  anterior  termination  of  each. 

The  specimen  from  the  Don  brick  yard,  which  is  repre- 
sented, a  little  reduced  in  size,  by  figures  2  and  2  a  on  plate 
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II,  is  a  cast  of  the  interior  of  the  greater  part  of  a  lai^e 
but  rather  slender  siphuncle,  fully  seven  inches  and  a.  half  in 
lenG;th,  collected  by  Mr.  Joseph  Townsend  in  1894.  It  is 
very  slightly  narrower  in  the  long  median  portion  than  at 
a  short  distance  from  either  end,  and  is  obviously  incomplete 
at  the  broken  anterior  end.  Near  the  midlength  it  ts 
rounded  suboval  in  transverse  section.  Its  posterior  ex- 
tremity, which  is  straight  on  one  side,  and  widens  rather 
rapidly  on  the  other  for  the  length  of  nearly  an  inch,  is  cooi* 
cal  and  pointed,  with  an  eccentric  apex.  Its  surface  is 
smooth  and  worn,  and,  if  thers  ever  were  any  indications  of 
obliquely  transverse  septal  rings,  they  seem  to  have  been 
quite  obliterated  prior  to  the  fossilization  of  the  specimen. 
The  shales  from  which  this  siphuncle  was  collected,  hold 
characteristic  examples  oiEndoceras  proleiformt. 

In  all  the  other  isolated  siphuncles  of  Endoceratidae  in 
this. collection,  the  apical  end  is  gibbous,  or  swollen  and  then 
abruptly  and  widely  but  not  very  deeply  contracted,  on  the 
convex  inner  side,  as  Jo  Nanno.  The  subsequent  portion 
is  prolonged,  longicone,  moderately  elongated  and  rather 
slender.  These  siphuncles  are  very  similar  to  those  of  En- 
dociras  beUmnitiJorme,  as  figured  by  Holm,  though  the 
obliquely  transverse  annulations  on  the  surface  of  the  Cana- 
dian specimens  indicate  that  the  septa  were  much  more 
numerous  and  closely  approximated,  and  internally  their 
endosiphon  opens  anteriorly  into  a  large  and  deep,  funnel- 
shaped  cavity. 

If  E.  beUmnitiforme  be  a  Vaginocerat,  as  it  is  asserted 
to  be  by  Hyatt,  these  siphuncles  should  probably  be  referred 
to  that  genus.  But,  the  type  of  Vaginoceras  is  the  Endo- 
eeras  muititudulatum  of  Hall,  an  extremely  elongated  and 
slender  species,  whose  apex  is  unknown,  and  it  is  difficult  to 
see  how  E.  btUmnitiforme  can  belong  to  the  same 
genus.  Holm  and  Clarke  both  state  confidently  that 
E.  belemniliforme  is  a  Nanno,  and  it  therefore  seems  most 
prudent  to  refer  all  these  siphuncles  to  that  genus  provision- 
ally, Foord,  it  is  true,  has  observed  that  portions  of 
siphuncles  are  not  of  much  use  for  purposes  of  generic  or 
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specific  determination  or  description,  but  such  apparently 
valid  genera  as  Hurffxia,  Diseoiorus,  Deirecerai  and  Narlke- 
(oceras  have,  nevertheless,  been  practically  based  upon  just 
such  specimens.  Incidentally,  also,  it  may  be  mentioned 
that  the  flattened  outer  side  of  the  siphuncle  in  Endocerat 
marcovi,  E.  beUmniliforme,  and  Nanng  auUma,  upon  which 
the  obliquely  transverse  annulations  are  arched  forward,  is 
called  the  dorsal  side  by  Barrande  and  Clarke,  the  peripheral 
by  Holm,  and  the  ventral  by  Hyatt.  In  this  paper  it  will  be 
called  indifferently  the  peripheral,  outer,  or  flattened  side. 

These  siphuncles  group  themselves  ^naturally  into  at 
least  two  species,  both  of  which  are  apparently  undfscribed, 
though  it  is  by  no  means  certain  that  both  belong  to  the 
same  genus.  One  of  these  species  is  represented  by  a  single 
specimen  from  the  Calciterous  of  Ontario,  and  the  other  by 
several  specimens  from  Kingston  Mills,  also,  possibly,  by 
all  those  siphuncles  from  lake  Nipissing  and  Paquettes  rapids 
that  had  previously  been  identified  with  Nanno  aiiema. 
These  two  species  may  be  provisionally  named  and  charac- 
terized as  follows: 

NANNO  PRIMAEVUS,  sp.  nov. 

PLATE  n— FlBB.  3  and  3  a. 

Apical  cone  of  the  siphuncle,  the  only  part  known,  al- 
most straight  on  the  flattened  peripheral  side,  slightly  swollen 
at  a  short  distance  from  the  apex  on  the  opposite  or  convex 
side,  then  lightly  or  shallowly  contracted  on  that  side,  and 
ultimately  increasing  very  slowly  in  thickness,  the  commence- 
ment of  the  prolonged  or  longicone  portion  being  nearly  cir- 
cular in  transverse  section,  but  also  flattened  on  the  peri- 
pheral side. 

Surface  of  the  apical  portion  of  the  endocone  smooth;, 
its  anterior  and  contracted  portion  rather  obliquely,  and 
closely  but  faintly  annulated,  though  the  annulations,  or  ob- 
scure low  annular  ridges,  appear  to  be  interrupted  on  the 
smooth  and  flattened  peripheral  side.  These  annular  ridges 
are  numerous  and  close  set,  though  they  are  unequal  in  size 
and  irregular  in  their  distances  apart. 
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Calciferous  formation  at  Lot  18,  Con.  6,  Marlborongh, 
Ont.,  W.  R.  Billings,  1898 :  a  silicified  fragment  of  the  pos- 
terior end  of  the  stphuncle,  about  an  inch  and  a  quarter  in 
length,  with  the  apex  broken  off,  but  clearly  showing  the 
swelling  and  subsequent  contraction  on  the  inner  or  convex 
ade.  The  interior  of  this  fragment  is  not  very  well  pre- 
served, as  the  specimen  has  been  treated  with  acid,  which 
may  have  destroyed  some  of  the  more  minute  details  of 
sculpture.  The  expanded  portion  of  the  praeseptal  cone 
seems  to  have  been  composed  of  two  thin  outer  layers  of 
test,  that  are  amalgamated  or  fused  together,  as  it  were,  on 
the  convex  inner  side,  and  that  enclose  a  rather  large  inter- 
nal cavity.  The  interior  of  the  subsequent  and  contracted 
portion  is  nearly  filled  with  a  lining  of  minute  quartz  crystals. 

This  fragment  seems  to  be  the  first  Nanno-like  siphun- 
cle  that  has  been  found -in  the  Calciferous  formation,  but  it 
is  with  some  hesitation  that  it  is  referred  to  the  genus  Nan- 
no, 

NANNO  KINQSTONENSIS,  ap.  nov. 

PLATE  m— All  of  tbe  Bgrurea. 

Siphuncl;  longicone,  moderately  elongated  and  often 
quite  slender;  tumid  and  gibbous,  or  only  slightly  swollen 
near  the  apex  and  afterward  rather  abruptly  contracted  on 
the  convex  inner  side,  but  ultimately  increasing  very  grad- 
ually and  equally  on  both  sides.  Transverse  secUon  usually 
subelliptical  or  semietliptical  in  outline,  with  the  lateral 
diameter  a  little  greater  than  the  dorso-ventral ;  or  not  far 
from  circular,  but  always  with  the  peripheral  region  more  or 
less  flattened. 

Posterior  and  expanded  portion  of  the  apical  cone 
smooth;  the  contracted  portion  thereof  and  the  whole  of 
the  siphuncle  in  advance  of  the  apical  cone  marked  with 
numerous,  rather  closely  disposed,  continuous  and  obliquely 
transverse  annulatlons  or  "septal  rings."  These  annulations. 
are  rather  wide,  flat  bands,  varying  in  width  from  two  or 
three  millimetres  in  small  specimens  to  four  or  five  in  large 
ones,  with  faint  narrow  depressions    or  grooves    between 
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them.  They  are  very  similar  to  the  septal  rings  of  the  siph- 
uncle  of  Piloceras  and  each  of  them  is  curved  concavely  and 
shallowly  backward  on  the  convex  inner  side,  and  forward, 
into  a  narrowly  rounded,  short,  tongue-like  process,  on  the 
flattened  peripheral  side. 

Longitudinal  sections  of  the  praeseptal  cone  show  very 
httle  if  any  structure.  But,  in  similar  sections,  the  pro- 
longed portion  of  the  siphuncle  is  seen  to  be  filled  with 
numerous  and  closely  disposed,  invaginated  sheaths,  and  the 
endosiphunde  to  open  anteriorly  into  a  large  and  deep  fun- 
nel-shaped cavity,  as  represented  in  figure  4.  In  a  specimen 
in  which  parts  of  the  sutures  of  some  of  the  septa  are  pre- 
served, the  sutural  lines  are  closely  approximated  and  about 
three  or  four  millimetres  apart. 

External  test  unknown. 

Railway  cutting  at  Kingston  Mills,  near  King&ton,  Ont., 
Dr.  R.  W.  Ells,  W.  A.  Johnston,  and  J.  F.  Whiteaves,  1902: 
several  imperfect  casts  of  the  interior  of  the  siphuncle,  and 
one  specimen  with  parts  of  the  sutures  of  some  of  the  septa 
preserved.  These  casts  are  broken  in  all  directions,  longi- 
tudinally and  transversely,  and  their  broken  ends  are  some- 
times worn  and  rounded,  in  the  matrix,  evidently  prior  to 
their  fossilization,  but  the  septal  rings  are  often  remarkably 
well  defined.  The  best  specimens  are  pieces  of  the  Nanno- 
like  apical  end,  from  a  little  over  an  inch  to  fully  two  inches 
in  length,  and  of  the  subsequent  prolonged  or  longicone  por- 
tion, from  two  to  four  and  a  half  inches  in  length,  but  in  no 
cases  have  the  two  been  found  united. 

The  exact  age  of  the  limestone  at  Kingston  Mills,  in 
which  these  siphuncles  occur,  is  still  uncertain. 

On  page  178  of  the  Geology  of  Canada  for  1863,  it  is 
stated  that  "at  Kingston  Mills  an  exposure  of  twelve  feet  in 
thickness,  of  much  the  same  character  as  the  lower  portion 
of  the  strata"  between  the  Potsdam  sandstone  and  the 
Birdseye  and  Black  River  formation,  "is  seen  resting  on 
gneiss,  in  the  excavation  made  for  the  Grand  Trunk  Rail- 
way. In  this  a  fossil  occurs,  som;what  resembling  the  sipli-  ' 
■uncle  of    Piloceras  canadtnse,    but  it  may  be  a  fragment  of 
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the  internal  cast  of  the  siphuncle  of  an  Ortkoctras.  The 
former  would  seem  to  ally  the  deposit  with  the  Calciferous- 
formation,  but  a  single  fossil  is  too  slight  an  evidence  to  fix 
its  age." 

Specimens  of  this  fossil  had  been  collected  by  Sir  W.  E. 
Logan  at  Kingston  Mills  in  1842,  and  although  these  can  no 
longer  be  found,  there  is  little  doubt  but  that'they  are  pieces 
of  the  siphuncle  of   N.  kingstonemis . 

The  similar  specimens  recently  collected  at  this  locality^ 
by  Dr.  Ells,  Mr.  Johnston,  and  the  writer,  were  found  asso- 
ciated with  (i)  a  slender  and  apparently  undescribed  species- 
of  Aclinocerai  or  Paractinoctras,  and  (2)  a  smalt  RapkU- 
toma.  The  Aclinoceras  seems  to  have  had  a  smooth  test, 
and  a  b;aded  siphuncle,  detached  and  worn  segments  of 
which  are  abundant  as  little,  slightly  depressed  spheroids. 
Only  one  specimen  of  the  Raphistoma  was  found,  and  it  is 
too  imperfect  to  be  determined  specifically,  but  the  genus  is 
not  known  to  occur  in  rocks  as  old  as  the  Calciferous.  These 
fossils  would  seem  to  indicate  that  the  limestone  at  Kings- 
ton Mills  is  probably  not  older  than  the  Chazy  formation^ 
noi  much  if  at  all  newer  than  the  Black  River  limestone. 

The  siphuncles  from  lake  Nipissing  and  Paquettes  rapids- 
that  were  formerly  referred  to  Nattno  auiema,  can  scarcely 
be  distinguished  at  present  from  those  of  N.  iingilonetisis, 
and  if  they  should  prove  to  be  specifically  identical  therewith, 
the  limestone  at  Kingston  Mills  may  be  found  to  be  only  a 
local  phase  or  modification  of  the  Black  River  limestone,  or 
of  part  of  the  Birdseye  and  Black  River  formation.  On  the 
other  hand,  it  must  not  be  forgotten  that  the  surface  mark* 
ings  of  the  prolonged  portion  of  the  siphuncle  are  not  at  all 
well  preserved  in  the  specimens  from  lake  Nipissing,  and 
that  it  is  only  the  apical  end  of  the  siphuncle  that  is  to  be 
seen  in  those  from  Paquettes  rapids. 

Ottawa,   Oitober  15,   1904. 
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EXPLANATION  OP  PLATES  II  AND  IIL 

Unleu  otherwise  ctated,  the  figures  are  of  the  natonl  bIk. 

PLATE    ll^-ENDOCERATIDAE. 

Genua  and  8p«el«a  undetermined. 

Fig.  1.  Side  view  of  tbe  more  perfect  of  the  two  BiU<dfled 
«Iphuiicles  from  Paquettes  rapids  de8crll>ed  on  pages  23  and  24. 

Qenui  and  Species  undetermined. 

FlgB.  2  and  2a.  Two  views  of  the  slphuncle  from  the  Don 
brickyard,  described  on  page  24. 

Both  of  these  flares  are  slightly  reduced  la  slse,  the 
original  being  fully  seven  Inches  and  a  half  In  length,  as  stated  la 
the  text. 

Nan  no  primaevus. 

Figs.  3  and  3s.  3  lateral,  and  3a  peripheral  view  of  the  type 
■and  only  known  specimen  of  this  species. 

PLATE  ill^ENDOCERATIOAE. 

Nanne  kingstenenala. 

Figs.  1,  la,  and  lb;  1  Inner,  la  lateral,  and  lb  peripheral,  view 
of  the  apical  end  of  the  slphuncle  ot  a  shell  of  this  species. 

Figs.  2,  2a,  and  2b.  Corresponding  Tlews  of  the  prolonged  por- 
tion of  tbe  slphuncle  of  a  small  but  different  specimen. 

Fig.  3.  Peripheral  rlew  of  an  unusually  well  preserved  frag- 
ment of  the  prolonged  portion  of  a  slphuncle,  showing  the  forward 
curvature  of  the  septal  rings. 

Fig.  4.  Longitudinal  section  of  tbe  anterior  end  of  the  pro- 
longed portion  of  the  slphuncle  of  a  large  specimen,  showing  the 
endofllphuncle  opening  anteriorly  Into  a  deep,  funnel-8ha)>ed  cavftr 
«r  endocone. 
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THE    PROGRESS    OF    VERTEBRATE    PALABONTOLOQY    AT 

THE  AMERICAN   MUSEUM  OF  NATURAL   HISTORY, 

NEW  YORK. 


During  the  past  summer  professor  H.  F.  Osborn,  of 
tile  department  oE  vertebrate  palaeontology,  sent  out  three 
expeditions  in  search  of  fossil  mammals  and  reptiles.  One 
of  these,  in  charge  of  Dr.  W.  D.  Matthew  and  Mr.  Walter 
Granger,  spent  the  season  in  the  Bridger  Eocene,  in  south- 
western Wyoming.  Special  search  was  made  for  complete 
remains  of  the  great  horned  mammal,  the  Uintatherium, 
which  inhabited  that  region  during  the  Eocene.  As  a  result, 
two  skeletons  were  secured  and  a  fine  lower  jaw.  One  of 
these  skeletons  was  in  such  a  position  that  it  appeared  to 
have  been  mired  in  vthat  was  then  a  soft  tenaceous  clay,  but 
is  now  an  olive  shale.  There  were  found  also  a  skeleton  and 
two  fine  skulls  of  Hyrachyus,  a  primitive  running  rhi- 
noceros ;  the  skull  and  part  of  the  skeleton  of  Hyopsodus, 
either  a  lemur  or  an  insectivore;  three  skulls  of  Isecto- 
lophus,  a  primitive  tapir ;  six  skulls,  two  with  portions  of  the 
^keVton,  of  Palaeosyops,  an  early  type  of  titanothere;  and 
two  skulls  of  carnivores  related  to  the  dog  family.  There 
were  secured  also  numerous  jaws  and  other  fragmentary  re- 
mains representing  the  many  kinds  of  small  monkeys, 
carnivores,  rodents,  etc.,  described  by  professor  Marsh 
from  this  formation.  The  Museum  has  now  examples  of  al- 
most every  known  species  of  the  Bridger  formation,  except 
TiUotherium  and  Stylinodon;  and  in  many  cases  far  more 
complete  materials  than  have  hitherto  been  found.  Besides 
these,  several  genera  and  many  species  which  had  not  be- 
fore been  known  have  been  secured  by  the  museum.  The 
fauna  of  this  region  was  a  surprisingly  rich  one,  including 
besides  mammals,  many  crocodiles,  lizards,  fishes,  and 
numerous  turtles.  Diligent  search  was  made  for  the  fossil 
horse  of  the  Bridger,  but  thus  far  only  fragmentary  speci- 
mens have  been  found,  the  best  being  a  palate  with  a  com- 
plete set  of  upper  teeth. 

In  charge  of  the  search  for  reptiles  professor  Osbom 
placed  Mr.  Barnum  Brown,  connected  for  several  years  with 
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,  and  especially  known  for  his  successful 
palaaontological  explorations  in  Patagonia  and  Montana. 
It  was  especially  desired  to  secure  a  complete  skeleton  o£ 
some  of  the  great  plesiosaurs  which  are  known  to  have  in- 
habited the  region  west  of  the  Missouri  river  during  Creta- 
ceous times.  Continuing  his  work  of  1902  and  1903,  Mr. 
Brown  made  special  search  in  the  Pierre  shales,  with  satis- 
fat:tory  results.  From  these  shales  near  Edgemont,  S.  Da- 
kota, he  obtained  the  greater  part  of  a  plesiosaur  skeleton, 
including  skull,  jaws,  the  complete  neck  about  fifteen  feet 
long,  one  complete  paddle,  part  of  the  pectoral  girdle,  and 
some  dorsal  vertebrae.  In  the  same  locaHty  there  was  se- 
cured another  plesiosaur  having  skull,  jaws,  one  complete 
paddle,  and  some  vertebrae.  Two  other  important  reptiliaa 
specimens  were  obtained  in  this  formation,  a  young  plesio- 
saur having  both  girdles  and  two  paddles ;  and  a  mosasaur 
with  skull,  jaws,  and  part  of  the  skeleton  uncrushed.  This 
to'i'mation  yielded  twenty-two  boxes  of  fossils. 

Mr.  Brown  extended  his  exploration  into  the  Ft.  Ben- 
ton formation.  In  1903  he  found  there  a  complete  skull  of 
a  great  marine  crocodile  with  a  long  snout,  in  a  somewhat 
broken  condition.  This  year  a  perfect  specimen  of  the  same 
animal  was  secured. 

In  beds  near  the  Judith  river  in  Montana  the  skele- 
ton of  a  large  hadrosaur  named  Trachodon  was  discovered, 
including  pelvis,  vertebral  column,  and  limb  bones. 

Mr.  Brown  with  his  party  then  journeyed  into  New 
Mexico  in  search  of  beds  which  had  been  reported  as  con- 
taining large  reptiles  of  the  Jurassic  age.  On  arrival  it  was 
found  however  that  th^se  beds  were  really  of  Cretaceous 
age,  belonging  to  the  Laramie.  Here  were  fortunately  ob- 
tained the  complete  skull  and  jaws  of  one  of  the  primitivs 
horned  dinosaurs  named  by  professor  Cope  Diclonius ;  also- 
a  large  turtle. 

From  New  Mexico  Mr.  Brown  went  into  Arkansas  and 
made  search  in  ac  rcvasse,  explored  somewhat  last  year,  for 
fossil  mammals  of  the  Pleistocene  period.  Here  were  secured 
ten  complete  skulls  and  many  fragmentary  skulls  of  rodents 
and  carnivores,  about  one  thousand  jaws,  thousands  of  limb 
bones  and  vertebrae,  representing  nearly  forty  species  of 
animals.     Materials  were  brought  to  the  museum  for  the 
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preparation  of  a  section  of  this  remarkable  cave.  This  will 
shdw  the  bones  as  they  were  found  in  position.  The  animals 
were  either  washed  into  this  cave  or  were  dragged  in  by 
small  carnivores.  They  include  many  living  species  of  ani- 
mals, such  as  bears,  pumas,  foxes,  wolves,  deer,  beaver,  rab- 
bits, squirrels,  mice,  rats,  bats  and  several  kinds  of  birds, 
among  them  probably  some  extinct  forms.  There  were  dis- 
covered also  remains  of  certain  lizards,  toads  and  frogs.  The 
species  of  these  animals  were  partly  of  living  kinds,  partly  of 
kinds  which  have  disappeared  since  this  remarkable  cave 
collection  was  deposited.  As  proof  of  its  geological  age, 
there  were  found  also  a  skeleton  of  the  saber-toothed  tiger, 
recognizable  although  very  much  crushed,  and  the  skeleton 
of  a  musk  ox.  Remains  of  a  living  species  of  peccary  were 
also  found. 

The  third  expedition  was  sent  into  the  Oligocene  bad- 
land.'^  of  Cheyenne  river,  in  South  Dakota,  and  was  in 
charge  of  Mr,  A.  F.  Thompson  of  this  Museum.  Especial 
attention  was  to  be  paid  to  the  collection  of  fossils  from  the 
Titanotherium  beds,  the  fauna-  of  which,  excepting 
Titanotherium  itself,  is  little  known.  This  fauna  is  of  espec- 
ial importance,  as  it  will  enable  us  to  connect  more  closely 
the  rich  Mid-Oligocene  fauna  with  the  Upper  Eocene 
(Uinta)  fauna  of  Utah  and  to  determine  how  far  the  Oligo- 
cene fauna  is  a  product  of  evolution  from  known  Eocene 
types  and  how  far  of  immigration  from  regions  whose 
Eocene  fauna  is  not  yet  discovered. 

Mr.  Thompson  had  considerable  success  in  the  Titano- 
iherium  beds,  and  secured  some  excellent  specimens  from 
the  Oreodon  beds  also.  The  collection  includes  skulls  and 
fragmentary  skeletons  of  at  least  three  new  genera,  two 
titan oth ere  skulls,  seven  rhinoceros  skulls,  and  various 
other  specimens  of  less  importance,  but  representing  sev- 
eral new  species.  Three  fine  specimens  of  turtles  were  se- 
cured, two  of  which  are  new.  The  number  of  catalogued 
specimens  is  125. 

The  curator  of  the  department  of  vertebrate  palaeonto- 
logy. Prof.  H.  F.  Osbom,  spent  a  portion  of  the  summer  in 
Europe,  visiting  various  museums  and  attending  the  Zoolo- 
gical Congress  at  Bern  and  the  meeting  of  the  British  Asso- 
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ciation  for  the  Advancement  of  Science,  in  England.  The 
writer  also  attended  the  Congress  at  Bern  and  visited  many 
nmseums  on  the  continent  and  at  London,  examining  espec- 
ially the  fossil  turtles. 


THB   COMPARATIVE   ACCURACY    OF    THE     METHODS    FOR 
OETERMININQ  THE  PERCENTAGES  OP  THE   SEVERAL 
COMPONENTS  OF  AN  IQNEOUS  ROCK. 
Br  Ira  a.  WiLLuai.  Anca,  Iowa. 

The  object  of  this  paper  is  to  present  the  results  of  a 
series  of  determinations  of  the  quantitative  mineral  compo- 
sition of  an  igneous  rock.  These  determinations  were  made 
according  to  the  various  methods  that  have  heretofore  been 
employed  by  different  investigators  in  estimating  the  rela- 
tive proportions  of  the  constituents  of  igneous  rocks.  The 
work  was  done  at  Columbia  University  where  the  writer  was 
at  the  time  Fellow  in  Geology.  Not  all  of  the  methods  em- 
ployed, however,  are  equally  applicable  to  both  the  thoroly 
crystalline  and  the  porphyritic  rocks ;  while  with  the  passes 
and  felsytes  no  accurate  estimate  of  composition  can  be 
made  by  any  means  except  chemical  analysis. 

The  methods  used  may  be  listed :  (a)  calculation  of  min- 
eral composition   from  the  chemical  analysis  of  the  rock; 

(b)  separation  of  the  mineral  grains  of  the  crushed  sample 
according  to  their  specific   gravity  by  Thoulet's   solution; 

(c)  the  method  based  on  the  microscopic  measurement  of  the 
diameters  of  grains  in  thin  sections ;  (d)  that  based  on  the 
microscopic  measurement  of  the  areas  of  the  grains  in  thin 
sections:  (e)  photographing  microscopic  fields,  then  cutting 
out  and  weighing  from  prints  thus  secured  the  areas  of  the 
various  constituents ;  (f)  calculation  of  volume  percentages 
from  the  data  obtained  by  the  foregoing  microscopic 
methods. 

In  order  to  obtain  results  admitting  of  comparison,  it 
was  necessary  at  the  outset  to  select  a  rock  to  which  each 
of  these  several  methods  could  be  applied.  The  rock  must 
therefore  be  a  holocrystalline  one.  The  coarser  the  grain, 
moreover,  and  the  more  clear  cut  and  distinct  the  boundaries 
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of  the  minerals,  the  more  nearly  ideal  is  the  sample  for  the 
purpose  in  view.  More  important  still,  perhaps,  is  the  re- 
quirement that  the  minerals  themselves  be  such  that  each 
and  every  grain  can  be  readily  and  certainly  recognized  at  a 
glance  under  the  microscope.  The  misidentification  oE  a 
grain,  or  of  a  few  grains  in  a  field,  especially  if  the  rock  be 
coarse  textured,  is  certain  to  afford  results  that  are  more 
or  less  incorrect. 

After  some  preliminary  and  unsatisfactory  experiments 
with  the  Palisade  diabase  from  New  Jersey  and  a  nephelite 
syenyte  from  Red  Hill,  New  Hampshire,  the  rock  finally 
selected  was  the  pink  granite  from  Westerly,  Rhode  Island,* 
The  Westerly  granite  is  moderately  coarse-grained  as  a  rule, 
and  unusually  so  in  places.  The  individual  grains  of  the 
principal  minerals  range  from  1.5  to  5  mm.  in  diameter. 

Professor  J,  F.  Kemp  in  the  paper  cited  gives  a  com- 
plete description  of  the  rock  and  enumerates  the  essential 
and  accessory  minerals  which  compose  it.  Under  the  micro- 
scope the  following  minerals  are  recognizable  in  practically 
every  field.  Orthoclase,  often  showing  the  reticulated  struc- 
ture of  microcline,  a  plagioclase,  near  otigoclase,  quartz, 
magnetite.  A  little  muscovite  and  apatite  occur,  but  so  far 
as  their  presence  is  concerned  in  the  percentage  composi- 
tion of  the  rock  as  a  whole,  can  be  neglected.  Biotite  is  a 
normal  constituent  but  in  the  sample  worked  with  was  pres- 
ent in  only  very  subordinate  amount.  Other  more  rare  ac- 
cessories occur  but  are  neglected  in  the  present  study. 

The  anhedra  of  quartz  and  the  feldspars  are  predomi- 
nantly distinct,  one  not  including  the  other  as  a  rule.  In 
some  slides,  however,  the  quartz  is  sometimes  broken  up  into  , 
smaller  rounded  grains  which  are  frequently  included  in  the 
feldspars.  The  boundaries  in  these  cases  are  not  so  sharply 
defined  and  the  necessity  of  taking  into  account  numerous 
small  particles  of  one  mineral  in  a  groundmass,  as  it  were, 
of  a  large  grain  of  another,  involves  of  course  .chance  of  in- 
accuracy. As  with  the  Palisade  diabase  and  the  New  Hamp- 
shire syenyte,  there  arose  the  question  of  being  able  to 
always  distinguish  between  the  feldspars,       It  was  believed 

*J.  p.  K«>F,  Qninlt«a  of  SouUiam  Hhode  Island,  with  Obaerva- 
tlona  on  AtlADtlc  Coaat  aranltoB  In  Qenerkl.  Bill  Gwl.  See.  Amtr.,  Vol 
UL  tM   p.  Ml 
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unsafe  to  undertake  to  do  this  with  the  microscope  so  they 
were  lumped  together  under  the  general  head  feldspar.  The 
diflerent  species  were  separable  with  Thoulet's  solution,  so 
that  by  this  means  the  granite  was  separated  into  quartz, 
orthoclase,  oligiclase,  and  iron  ores ;  while  with  the  micro- 
scope alone  but  three  groups  could  be  made,  viz.,  quartz, 
feldspar,  ores. 

<A).  MFTBOD  BY  CBCUIOAL  ANALYSIS. 

The  chemical  composition  of  the  Westerly  granite  as 
given  in  professor  Kemp's  article  follows: 

SIO* .,  73 .  05  per  cent. 

Al'O* 14.&3  per  cent. 

PeH)*     1 

PgQ      > 2.96  per  cent. 

MnO  Trace. 

CaO 2.06  per  cent. 

MgO  Trace. 

IfO 5.39  per  cent. 

Na-O 1.72  per  cent 

H'O 29  per  cent 

100.00 
Calculation  of  the  standard  mineral  composition  by  the 
method  of  Cross-Iddings-Pirsson-Washington,  as  set  forth 
in  their  "Quantitative  Classification  of  Igneous  Rocks," 
from  this  analysis,  was  not  possible  in  all  desired  detail  be- 
cause the  two  oxides  of  iron  were  determined  together.  Al- 
though the  total  iron  is  npt  high  and  in  this  individual  in- 
stance would  likely  make  little  difference  in  the  results 
whether  treated  as  all  Fe'O'  or  FeO,  the  fact  that  consider- 
able magnetite  was  present  as  well  as  lesser  proportions  of 
the  magnesium- iron-silicates  made  it  seem  desirable  to  have 
a  new  analysis  in  which  the  two  oxides  of  iron  would  be 
separated.  It  is  also  especially  important  that  all  the  other 
tests  be  made  upon  the  identical  specimen  from  which  the 
sample  for  chemical  analysis  is  taken.  The  following  analy- 
sis was  madfe  by  the  writer,  under  the  helpful  guidance  of 
Dr.  H.  S.  Washington,  in  the  chemical  laboratory  of  the 
Department  of  Geology,  Columbia  University.  The  rarer 
elements  were  not  determined  as  the  object  of  the  analysis 
did  not  require  them:  . 
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SIO*....; 72. 26 "per  cent 

A1"0*,.,: ,.13.68  per  oeaL 

BVO* 2.97  per  cent. 

FeO...' 0.76  per  cent 

MfO 0.084  per  cent 

C«0 1.24  per  oeat. 

Nft*0 _ 2.1s  per  cent 

^O 6.69  per  oenL 

HH)+ 0.B7  per  cent 

H*0 — 0.09  per  cent. 

99.264 
Calctilatioti  from  this  analysis  yields  the  following  ap* 
proximate  mineral  composition: 

Onsrts  36.90    pi^rcent.      Blotlte 0.E66  peroent 

Oitboclase    34.48    percent      liuignetite 2.606  percent 

Alblte  18.74    percent      Hematite 1.10    percent 

Anorthlte  6.26    percent       HK)+  0.0B6  per  cent 

iro —  0.577  percent  

ToUl  ..  ...... 100. 002  percent 

The  small  amount  of  biotite,  which  would  not  result 
directly  in  calculating  the  norm,  it  was  found  convenient 
to  bring  in  to  take  care  of  a  small  excess  of  alumina  and 
the  little  MgO  that  appears  in  the  analysis.  Inspection  of 
these  results  shows  a  total  feldspar  per,centage  of  59.47  of 
which  24.99  is  plagioclase.  The  total  for  those  minerals, 
viz.,  biotite,  magnetite  and  hematite,  which,  in  both  micro- 
scopic and  heavy  solution  analysis,  are  grouped  as  "iron 
ores,"  is  here  3.96  per  cent, 

(b).  BKAVY  BOLCTION  HKTHOD 

Thoulet's*  solution  was  used  in  the  present  experiments. 
It  is  made  by  dissolving  in  cold  water  potassium  and  mer- 
curie  iodide,  KI  and  Hgl",  in  the  ratio  i :  i .  24.  This  gives 
a  clear  greenish-yellow  liquid,  the  depth  of  color  depending 
on  the  degree  of  concentration.  Moderate  heating  does 
not  affect  it,  so  that  its  density  can  be  increased  or  dimin- 
ished to  any  desired  point. 

A  description  of  the  apparatus  employed  in  making 
separations  may  be  found  in  Rosenbusch's  work.*    The  one 

■Tor  details  reKarditiK  tbl«  BolutloD.  an  H.  Rosenbuach's  Mlkrosco- 
^BChe  PbyaiOKraphie,  ed.  ISM,  pp.  2S1-33G:  and  the  EnKllah  Translation 
—  -'aingm,  pp.  W-ltt. 

fBee  Eilao    W.  J,  bollii,   ContiibuU  ona     to     a    Knawleagt   of   the 
—    —   '- — —        TVmu.     Jfayaf    Irish     Acad.       Vol.     x«li.     pt.    xlv. 
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made  use  of  in  this  instance  is  known  as  Brogger's  modifi- 
cation of  Harada's  apparatus.  It  consists  of  an  elongated 
pear-shaped  glass  vessel  dosed  at  the  top  with  a  ground 
glass  stopper  and  provided  with  two  glass  cocks,  one  about 
midway  the  length  of  the  vessel  and  another  near  its  bottom 
end. 

Some  experiments  were  first  made  to  ascertain  the 
necessary  fineness  of  crushing  and  the  losses  in  fine  powder. 
By  carefully  crushing  in  a  steel  mortar  (not  pulverizing)  a 
small  sample  of  the  Palisade  diabase  to  pass  a  20-mesh  sieve, 
and  then  washing  out  the  fine  dust  that  would  float  indefin- 
itely in  water,  a  loss  of  nearly  four  per  cent  was  sustained. 
At  this  mesh  the  minerals  were  very  imperfectly  separated. 
Crushing  to  40-mesh  nearly  tripled  this  loss.  The  Red  hul 
syenyte  treated  in  the  same  manner  gave  a  loss  at  20-mesh 
of  but  two  per  cent.  While  at  40-mesh  this  was  increased 
to  quite  10  per  cent.  After  washing  out  the  flour,  an  anal- 
ysis of  the  20-mesh  rock  gave, — 84.75  P^'  *^*"*  of  the  light 
colored  minerals,  orthoclase,  nephelite  and  sodalite,  and  15-25 
of  hornblende.  The  40-mesh  rock  gave, — 81 .  35  of  the  light 
colored  minerals  and  18.65  of  hornblende.  These  figures 
would  indicate  a  more  than  proportional  loss  of  the  lighter 
constituents. 

It  was  found  that  with  the  Westerly  granite  a  fair  de- 
gree of  separation  was  accomplished  by  crushing  to  40-mesh, 
without  a  loss  of  over  four  per  cent  in  fines.  This  was  pos- 
sible only  with  extreme  care  in  crushing  and  by  constant 
screening  of  the  crushed  material  from  the  mortar  without 
permitting  any  considerable  portion  to  accumulate.  The 
rock  was  first  hammered  to  about  pea  size  and  only  a  few 
pieces  put  into  the  mortar  at  a  time.  After  screening  it  was 
washed  by  stirring  in  water,  allowing  to  stand,  then  decant- 
ing. 

In  the  present  experiments,  mineral  fragments  were 
used  for  indicators  and  were  obtained  from  the  granite  itself, 
A  few  grains  of  each  of  the  minerals  to  be  separated  were 
placed  in  the  solution  which  was  then  diluted  till  the  lighter 
rose  and  the  heavier  ones  sank.  If  the  specific  gravities  of 
the  two  we're  near  to  each  other  the  point  of  separation 
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would  have  a  definite  position  which  could  not  be  varied. 
If,  however,  there  happen  to  be  a  considerable  ran^  be- 
tween whose  limits  the  pure  minerals  will  respectively  rise 
and  sink,  in  other  words,  between  the  specific  gravities  of 
the  two  minerals  in  question,  the  density  of  the  solution 
may  be  adjusted  to  any  position  within  these  limits  and  yet 
give  a  perfect  separation  if  the  minerals  are  pure  and  entirely 
apart  from  each  other.  That  they  are  never  entirely  freed 
from  one  another  in  breaking  up  a  crystalline  rock  need  not 
be  emphasized.  There  are  always  particles  of  one  clinging  to 
every  other  and  it  is  usually  impossible  to  say  whether  or 
not  more  of  one  clings  to  a  second  than  of  the  second  to  the 
first.  By  moving  the  density  of  the  solution  therefore  nearer 
that  of  one  mineral  than  of  another  to  be  8epar£.ted  from  it, 
more  or  fewer  of  the  particles  composed  of  parts  of  each 
will  be  shifted  one  way  or  the  otlier  with  consequent  modi- 
fication of  results. 

The  only  feasible  plan  that  appears  to  avoid  some  of 
the  discrepancies  that  are  apt  to  arise  in  this  connection  is 
to  first  estimate  approximately  the  relative  proportions  of 
the  minerals  by  means  of  the  microscope,  or,  the  heavy  solu- 
tion itself.  Then,  assuming,  unless  accurate  data  can  be  ob- 
tained, that  equal  portions  of  the  minerals  cling  to  eacti 
other,  adjust  the  specific  gravity  of  the  heavy  solution  to  a 
position  between  the  extremes  determined  by  the  relative 
proportions  of  the  two  minerals  in  the  rock. 

This  same  factor  becomes  of  increasing  importance  in 
the  separation  of  minerals  whose  specific  gravities  are  very 
nearly  alike  if  by  any  outside  influence,  the  heat  of  the  body, 
or  a  draught  of  air,  the  density  of  the  solution  is  altered  ever 
so  slightly  during  a  separation.  Precautions  are  necessary 
to  maintain  surrounding  conditions  constant. 

The  facts  just  pointed  out  militate  against  the  scientific 
accuracy  of  the  heavy  solution  method  for  making  quantita- 
tive separations  of  mixtures  of  minerals.  Rosenbusch  sums 
up  the  reasons  why  the  method  cannot  be  accurate  in  the 
following  :* 

I.  The  impossibility  of  preparing  a  powder  which  shall 
consist  of  nothing  but  homogeneous  grains; 

•IDDUM'  Translation,  130«.  p.   lOT.    G  erman  E^dltlon,  p.  249. 
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2.  The  variation  in  the  specific  gravity  of  the  constit- 
uents ; 

3.  The  change  of  specific  gravity  which  minerals  ex- 
perience through  weathering,  decomposition  and  alteration. 

A  5-gram  sample  of  the  rock  was  found  to  work  well 
in  the  size  of  separator  used.  After  pouring  in  the  solution, 
whose  density  was  first  adjusted  to  separate  the  feldspar  group 
from  the  remaining  heavy  minerals,  the  weiglied  rock  sample 
was  added.  The  apparatus  was  thoroughly  shaken  and  al- 
lowed to  stand  until  a  separation  had  taken  place.  The 
floating  feldspars  were  then  poured  onto  a  filter,  washed, 
dried  and  weighed.  The  residue  was  likewise  removed  and 
kept  to  be  treated  later.  After  adjustment  of  the  density 
of  ttie  solution,  the  feldspars  were  parted  from  each  other 
and  weighed.  The  method  of  procedure  in  this  and  in  sepa- 
rating quartz  from  the  iron  minerals  was  precisely  as  out- 
lined above. 

Three  separate  analyses  of  the  granite  were  made.  The 
average  is  tabulated  in  the  summary  near  the  close  of  the 
paper. 

ORAPmc  ANALYBIB 

The  term  "graphic  analysis"  is  suggested  by  Dr.  A.  A. 
Julien*  as  a  general  heading  to  embrace  all  the  various  pro- 
cesses involved  in  estimating  mineral  composition  in  the  thin 
section.  Since  the  process  of  Delesse*  was  one  depending  on 
tracing  the  outlines  of  mineral  grains  on  the  polished  hand 
specimen,  this  it  would  seem  may  also  le^timately  be  in- 
cluded under  "graphic"  methods.  The  method  of  Jevon,  of 
direct  comparison  of  the  breadth  of  grains  by  applying  a 
scale  to  a  polished  face,  may  also  be  mentioned  here. 

(c).  MBA9URBIIBNT  OF  DIAHBTER  OF  QRAIKB. 

As  stated  at  the  opening  of  this  paper,  there  are  three 
different  processes  which  can  be  carried  out  by  means  of 
the  microscope  to  obtain  a  basis  for  estimating  the  mineral 
composition  of  igneous  rocks.  First,  the  average  diameters 
of  the  grains  of  the  different  minerals  may  be  found  by  meas- 
uring the  length  of  the  cross  section  in  thin  slices  of  the 

•OaDMlB  of  Ihs  Amphlbole  Schists  and  Berpentlnea  ot  ICAnbatUn 
<*l«nd,   New   Tork.      Bull.    Gtol.    Sx,    Amtr.     Vol.    11.    p.   MO. 

■  Proc«d<  U«a«nlqua  pour  determiner  La  CompoBltlan  dea  Roobea. 
Puu.  ISM.  Atmaiu  da  Maui.  (4),  Vol.  XIII.,  U48,  p.  179.  Ctmpit  Jttudm 
Vol.  XXV,   18«,  p.  M4. 
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Tock.  This  is  accomplished  by  A.  Rosiwal*  by  successive  ap- 
plication of  an  eye-piece  micrometer  to  each  ot  a  series  of 
lines  on  the  cover  glass  of  the  section.  The  width  of  each 
grain  crossed  by  the  line  is  recorded  in  micrometer  divisions 
from  which  the  relative  cross  sections  of  the  minerals  can  be 
deduced.  Uniformity  in  direction  or  any  specified  system  of 
drawing  tliese  lines  for  measurement  is  shown  by  Rosiwal 
to  be  unnecessary.  They  may  be  curved  or  irregularly 
drawn  over  the  section  so  long  as  the  stipulation  is  fulfilled 
that;  in  order  to  obtain  the  correct  relations  of  the  mineral 
constituents  in  a  rock,  a  distance  at  least  100  times  the  aver- 
age diameter  of  the  grains  must  be  covered.  For  a  uni- 
formly crystallized  rock  a  rectangular  network  of  lines  will 
answer.  Or,  two  or  more  series  of  parallel  lines  intersecting 
at  oblique  angles  ^ve  equally  concordant  results. 

To  calculate  from  data  obtained  in  this  way  the  quanti- 
tative relations  of  the  minerals  it  is  assumed  by  Rosiwal 
that  these  measurements  represent  average  diameters  and 
that  the  ratio  between  them  is  the  same  as  between  volumes. 
Percentage  composition  is  thus  expressed  in  terms  of  the  vol- 
umes of  minerals.  (These  are  of  course  readily  transferable 
to  weight  percentages  by  multiplying  by  the  specific  gravi- 
ties of  the  minerals.) 

Dr.  Julien  has  since  called  attention  to  the  fact  that 
while  concordant  results  may  be  obtained  by  this  method, 
the  diameters  are  by  no  means  proportional  to  volumes 
whether  the  grains  are  conceived  as  cubical  or  spherical ; 
and  that  the  true  composition  can  be  based  only  on  the  cube 
of  the  diameter,  d,  in  the  case  of  generally  cubical  grains 
and  on  that  function  of  the  diameter  representing  volume, 
.523d*,  if  they  are  spherical.  In  granitoid  rocks  that  have 
not  suffered  from  shearing  or  other  dynamic  action,  the 
grains  may,  according  to  this  writer,  be  considered  as  pre- 
dominantly cubical  or  spherical  according  as  they  appear 
angular  or  have  rounded  outlines.  Under  this  assumption  it 
is  clear  the  only  true  expressions  for  volumes  are  d'  and 
.5236)^  as  stated. 

Witti    Ciol     Riiths- 
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Now  it  is  very  apparent  that  if  expressed  in  terms  of  di- 
ameters the  percentage  proportions  will  be  very  different 
from  the  values  if  calculated  over  into  geometrical  volumes. 
This  disagreement  between  the  two  is  surprising,  and,  as  will 
be  illustrated  later,  is  so  far  from  what  might  at  first  be  an- 
ticipated, that  one  is  led  to  reflect  upon  the  validity  of  the 
first  fundamental  assumptions  in  the  measurement  of  d  and 
in  treating  the  grains  as  cubes  or  spheres.  Granting,  how- 
ever, for  the  moment  that  this  last  assumption  of  the  cubic 
or  spheric  form  is  permissible,  we  may  ask  whether  it  is  safe 
to  say  that  the  average  dimension  of  a  large  number  of 
cubes,  promiscuously  packed  together  will  be  the  length  of 
one  edge  of  a  cube  of  average  volume.  It  seems  fully  as 
probable  that  it  may  represent  an  average  diagonal  qr  per- 
haps more  likely  still  a  value  intermediate  between  these 
limits ;  but  it  may  be  greater  or  less  than  the  length  of  the 
edge  of  a  cube.  Volumes  calculated  on  this  basis  would  be 
misleading.  On  the  supposition  of  spherical  bodies,  d  is 
taken  as  the  width  of  the  greatest  section  it  is  possible  to 
get  in  slicing  a  sphere. 

Even  though  the  absolute  volumes  may  not  be  correct 
using  d  as  indicated,  relative  volumes  as  expressed  in  per- 
centages may  nevertheless  give  as  significant  results  as  if  the 
actual  value  of  d  were  known.  It  appears  therefore  that  if" 
the  conception  of  these  geometric  bodies  were  a  correct  one 
the  above  absolute  errors  would  enter ;  but  it  is  believed  that 
they  would  not  be  of  sufficient  magnitude  to  alter  the  gen- 
eral conclusions  to  any  great  extent. 

The  question  of  doubt  returns  then  to  the  permissibil- 
ity of  assuming  cubical  or  spherical  shape  for  the  grains  of 
any  crystalline  igneous  rock.  While  in  instances,  as  some 
granites,  the  angular  boundaries  of  the  predominant  mineral 
may  be  evident  and  its  form  could  be  considered  roughly  cu- 
bical, those  secondary  in  quantity  may  be  rounded  or  irreg- 
ular. Should  the  prevailing  mineral  possess  a  generally 
rounded  form  and  be  fairly  uniform  in  size,  those  constitu- 
ents which  fill  the  interstices  certainly  would  not  be  correctly 
estimated  by  use  of  the  formula  for  the  sphere.  These  sim- 
ple cases  are  far  less  common  than  the  many  in  which  no  two  ' 
types  of  minerals  are  similar  in  shape  nor  the  grains  of  any 
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one  nearly  uniform  in  size.  This  fact  cannot  but  be  empha- 
sized by  examining  a  thin  section  of  almost  any  granular 
rock. 

To  carry  out  this  system  of  measurement  Rosiwal  rec- 
ommends that  the  section  be  very  thin,  as  nearly  a  plane  as 
possible.  A  number  of  sections  should  be  examined  to  ob- 
tain a  representative  average.  It  is  also  desirable  to  have 
the  sections  as  large  as  can  be  conveniently  made.  In  the 
present  study,  series  of  fine  ink  lines  were  drawn  on  the 
cover  glass  to  use  as  indicatrices.  The  average  percentage 
composition  calculated  from  the  data  obtained  in  a  study  oE 
three  thin  sections  is  included  in  the  summary  table.  From 
the  calculated  composition  the  variety  of  plagioclase  falls  in 
the  oligoclase  group,  about  Ab*  An'.  This  identification  is 
corroborated  by  the  microscope.  The  typical  specific  gravi- 
ties of  the  minerals  are  then  employed  for  transferring  to 
weight  percentages,  viz.,  quartz,'2.65,  orthoclase,  2,56,  oligo- 
clase, 2.64,  and  for  the  iron  ores,  5.25,  that  of  magnetite. 

The  next  method  mentioned  in  the  introductory  outline 
is  the  measurement  of  the  areas  of  the  mineral  grains  in  thin 
sections.  This  may  be  done  in  three  ways,  (i)  drawing  the 
outlines  of  the  grains  with  the  aid  of  the  camera  ludda. 
As  used  by  W.  J.  Sollas*.  this  method  is  the  application 
of  the  Delesse  process  with  the  microscope. 

(e).  FHOTOaRAPHINQ  AND  CUTTIMO  OUT  AREAH  or  QRAIKB. 

(2)  Making  photomicrographs  of  several  fields  in  the 
slide,  dissecting  prints  thus  obtained,  then  weighing  the 
pieces  of  paper  representing  the  areas  of  the  constituent 
minerals.  Photomicrographs  were  made  of  six  successive 
fields  from  one  targe  rock  section.  Although  the  magnify- 
ing power  of  the  objective  used  was  but  medium  so  as  to 
avoid  distortion  and  also  to  include  as  large  an  area  as  pos- 
sible, the  focusing  distance  above  the  eye-piece  was  adjusted 
so  as  to  get  an  image  approximately  420  times  the  actual 
size.  The  Nicols  were  set  at  such  an  angle  to  each  other 
that  the  contrast  in  coloration  was  strong  enough  to  defi- 
nitely outline  the  grains  and  yet  not  enough  to  seriously 
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darken  the  field.  In  a  few  instances  it  was  necessary  to 
refer  to  the  section  to  establish  the  identity  of  certain  graiiu 
in  the  prints.  The  various  minerals  in  each  of  the  six 
prints  were  trimmed  apart  and  weighed.  These  weights, 
following  the  methods  of  Delesse  and  Sollas,  were  assumed 
proportional  to  the  areas  and  hence  to  the  volumes  of  the 
minerals,  and  the  percentage  composition  computed  as  be- 
fore. The  average  composition  of  the  six  fields  by  weight 
is  included  in  the  table. 

<3>    HICROt-COPIO  KEAFUREUENT  OF  AREAS  OV  ORAIHS. 

The  third  process  mentioned  consists  in  directly  measur- 
ing the  area  of  each  grain  of  the  minerals  of  a  section  with 
the  microscope.  This  is  done  by  the  application  of  an  eye- 
piece micrometer  which  is  cross  ruled  into  numerous  small 
squares.  The  number  of  these  squares  coming  within  the 
boundaries  of  each  grain  in  a  field  is  counted.  The  areal 
proportions  of  the  cross  sections  of  the  minerals  are  thus 
obtained.  The  fields  for  measurement  are  to  be  contiguous 
and  taken  in  regular  order  in  a  given  direction  across  the  sec- 
tion ;  the  slide  being  moved  by  means  of  a  mechanical  stage 
successively  the  width  of  a  field  as  each  is  measured. 

The  data  given  below  were  obtained  with  fields  of  4 
millimetres  actual  diameter,  and  a  magnification  of  30.  The 
basis  of  the  calculations  is  here  again  the  assumption  that 
the  average  cross  section  area  is  proportional  to  volumes. 
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In  this  array  of  results  for  the  mineral  analysis  of  a  sin- 
gle rock,  the  most  striking  comparison  is,  perhaps,  between 
the  heavy  solution  and  chemical  analysis  as  one  group,  and 
the  microscopic  methods  as  a  group  by  themselves.    The  re- 
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suits  obtained  by  Thoulet's  solution  and  by  calculation  from 
tlie  chemical  composition  agree  in  a  general  way  and  their 
being  the  only  ones  based  primarily  on  specific  gravity  makes 
their  accordance  a  strongly  significant  fact  in  considering 
which  of  the  methods  most  nearly  approximates  the  truth. 
The  chemical  analysis  of  a  comparatively  simple  riack  whose 
minerals  components  are  of  dafinite  molecular  proportion* 
cannot  but  give  a  close  indication  of  the  actual  or  'modal' 
composition.  It  is  ot  course  more  significant  if,  as  with 
the  rock  in  hand,  certain  of  the  elements  determined  in  the- 
chemical  analysis  are  limited  to  a  single  mineral.  For  ex- 
ample, potash  occurs  in  orthoclase  only  and  since  the  ortho- 
close  molecule  is  a  fixed  one,  this  oxide,  K'O.,  determines 
beyond  question  the  percentage  of  orthoclase  in  the  rock. 
When  one  or  more  of  the  chemical  constituents  are  to  be 
apportioned  among  two  or  more  minerals,  and  especially 
when  these  minerals  are  not  of  fixed  composition,  the  accu- 
racy of  the  results  becomes  less. 

The  Westerly  granite  represents  a  fairly  simple  type  of 
composition  and  its  calculated  mineral  analysis  may  be 
taken  therefore  as  being  correspondingly  accurate.  The 
general  agreement  of  the  heavy  solution  analysis  with  the 
calculated  composition  certainly  suggests  an  approach  to  the 
truth,  despite  the  unavoidable  irregularities  attending  the  use 
of  the  former. 

Of  the  microscopic,  it  is  difficult  to  say  which  method 
will  ordinarily  furnish  results  of  the  greatest  value.  The  use 
of  photography  eliminates  to  a  degree  the  personal  factor 
and  may  perhaps  often  be  employed  advantageously.  It  is 
needless  to  call  attention  further  to  the  inconsistency  of  cal- 
culating percentage  composition  by  using  d'  when  d  is  the 
measured  width  of  the  mineral  grains  as  they  appear  in 
thin  section. 

The  closest  agreement  of  any  two  members  of  the  table 
is  noted  between  the  direct  measurement  of  d  and  of  area. 
Were  the  second  calculated  from  the  first  by  squaring  the 
values  found  for  d  and  reducing  to  100  per  cent,  the  differ- 
ence would  be  far  greater,  which  may  be  taken  as  indicating' 
that  the  d  measured  cannot  be  safely  assumed  as  the  first 
dimension  of  a  cube;  and  therefore,  which  is  evident,  that 
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the  areas  measured  are  not  d'  but  quite  different  in  the  rock 
under  consideration. 

The  results  of  this  brief  study  as  to  the  efficiency  of  the 
methods  employed  cannot  be  offered  as  conclusive.  They 
are  such,  however,  as  to  emphasize  the  various  phases  of 
these  methods  and  to  indicate  in  a  general  way  their  lim- 
itations. 

Calculation  of  the  mineral  composition  from  the  chem- 
ical analysis  affords  a  means  of  classification  of  rocks  and, 
in  the  case  of  holocrystalline  rocks,  of  expressing  more  or 
less  accurately  their  actual  quantitative  mineral  constitution. 

Heavy  solutions  are  a  convenient  and  readily  applicable 
means  of  separating  the  minerals  of  a  rock  and  may  be 
valuable  in  determining  quantitative  relations  acording  to  the 
state  of  aggregation  of  these  minerals  and  the  range  of  spe- 
cific grvaity  represented.  The  accuracy  of  the  results  will 
be  directly  proportional  to  the  coarseness  of  grain  and  the 
readiness  with  which  the  minerals  can  be  separated.  .  The 
recessary  fineness  of  comminution  and  consequent  loss  as 
dust  depend  on  the  latter  condition.  The  time  required  to 
maJ^c  a  separation  of  a  rock  bearing  the  average  number  of 
important  minerals  is  but  a  small  fraction  of  that  needed  for 
,a  chemical  analysis. 

Any  one  of  the  direct  measurements  with  the  micro- 
scope does  not  appear  to  fulfill  even  approximately  the 
mcessary  conditions  for  a  statement  of  the  complete  quanti- 
tative composition  of  an  igneous  rock  such  as  granite.  They 
are  easily  applied,  however,  and  may  serve  an  excellent  pur- 
pose in  ^ving  an  idea  of  the  comparative  abundance  of  the 
consliluents  of  a  rock  whether  granitoid  or  porphyritic.  But 
as  a  basis  for  estimating  the  weight,  or  even  volume  compo- 
sition, the  present  study  has  shown  none  of  them  to  be  all 
that  could  be  desired. 


THE  ORIGIN    OP  BITUMEN* 
Bi  W.  O   UaaOAK.  InMriutifr  InChe^lnrr,  U    C,  Bcrkrlcj.  C»l. 

From  the  early  decades  of  the  last  ceptury  when  the 
first  chemical  investigations  were  undertaken  ip  ,this  direc- 
•Reprlnted  from  the  California  Joura»l  of  TeohnoloBT,   Borktiey,.  ,Cal. 


»Google 


The  Origin  of  Bitumen — Morgan  47 

tion,  hardly  any  scientific  question  has  been  debated  more 
vigorously  than  that  as  to  the  origin  of  bitumens.  Now 
that  the  industry  has  assumed  such  commercial  importance 
the  interest  has  not  lessened.  Natural  gas,  liquid  petroleum 
and  solid  asphalt  are  universally  admitted  to  have  been  de- 
rived from  a  common  source,  their  existence  in  these  varied 
forms  to-day  being  due  partly  to  a  process  of  natural  separa- 
tion based  on  different  degrees  of  volatility  and  specific  grav- 
ity, and  partly  due  to  chemical  changes  wrought  by  water, 
air,  heat  and  pressure.  While  each  of  these  substances  was 
formerly  thought  to  be  of  fairly  simple  composition,  extend- 
ed investigation  has  demonstrated  that  each  is  in  reality  a 
very  complex  mixture  of  many  individual  compounds  often 
of  widely  different  chemical  nature. 

The  various  theories  that  have  been  put  forth  to  explain 
their  origin  may  be  conveniently  classed  as  mineral,  veget- 
able and  animal,  since  in  each  of  these  "three  kingdoms"  it  is 
believed  that  a  sufficient  cause  may  be  found. 

Berthellot  first  started  the  mineral  theory  by  announc- 
ing the  possibility  of  deriving  certain  constituents  of  natural 
gas  and  oil  by  the  action  of  steam  and  carbon  dioxide  on 
various  metals  hypothetically  existing  in  the  interior  of  the 
earth.  This  hypothesis  was  later  elaborated  by  Mendeleeff 
and  Moissan  and  made  to  include  carbides  of  various  metals 
which,  according  to  the  nebular  hypothesis,  must  have  been 
a  very  characteristic  class  of  compounds  at  one  stage  of  the 
earth's  cooling  process.  Although  these  carbides  are  found 
nowhere  in  the  earth  to-day,  their  existence  in  meteorites 
in  small  quantities  is  supposed  to  give  support  to  the  theory 
and  the  laboratory  production  by  this  means  of  gaseous  and 
oily  products  that  will  burn  demonstrated  this  possibility  as 
suggestively  as  does  the  generation  of  acetylene  from  cal- 
cium carbide.  The  fact  that  the  natural  products  have  quite 
a  different  chemical  nature  from  the  artificial  product  is  ac- 
counted for  as  a  modification  due  to  ages  of  "storing  away" 
in  the  earth's  crust. 

The  possibility  of  such  an  origin  cannot  be  denied.  Its 
probability  is  not  great.  It  is  not  a  question  of  what  miglit 
have  happened  but  of  what  has  actually  taken  place  that 
primarily  interests  investigators  in  this  field,  and  scarcely  a 
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icientiiil  familiar  w-ith  the  questioo  from  a  geological  as 
wrll  as  the  chemical  side  can  be  found  to  support  this 
theory. 

The  almost  universal  association  of  bitumen  with  ani- 
mal and  vegetable  remains  has  led  to  the  assumption  of 
such  material  as  the  source  from  which  it  has  been  derived. 
For  many  years  the  adherents  of  these  two  theories  main- 
tained mutually  exclusive  positions,  but  wider  investigation 
of  the  natural  deposits  seems  to  indicate  on  the  one  hand 
that  bitumen  has  been  formed  from  both  of  these  sources 
and  deeper  investigations  into  the  nature  of  animal  and 
vegetable  tissue  have  shown  them  to  be  very  closely  analo- 
gous. Hence  a  fusion  of  these  two  views  has  taken  place 
in  what  is  known  as  the  theory  of  organic  origin. 

Various  experiments  have  been  made  in  the  labora- 
tory or  factory  with  the  idea  of  obtaining  support  for  these 
theories  or  in  the  hope  that  a  cheap  method  of  manufac- 
turing petroleum  might  be  discovered.  About  the  middle 
of  the  century  Warren  made  a  soap  out  of  fish  oil  by  beat- 
ing it  with  lime  in  a  manner  entirely  analogous  to  the  way 
y.i  which  fat  is  boiled  with  potash  or  soda  lye  in  making  or- 
dinary soap,  By  distilling  this  soap  under  pressure  he  ob- 
tained an  oil  containing  the  same  kinds  of  bodies  as  are 
found  in  Pennsylvania  petroleum.  Later  Engler  distilled 
the  fish  oil  itself  and  obtained  a  "light  distillate"  that  could 
not  be  differentiated  from  a  similar  "light  fraction"  from 
natural  oils.  Some  of  this  product  was  actually  sold  on  the 
-  market.  From  linseed  oil  similarly  treated  Sadtler  obtained 
a  mixture  of  hydrocarbons  which,  on  distillation,  gave  a 
light  oil  similar  to  Pennsylvania  oil  and  left  behind  a 
vaseline  residue  containing  parafline.  Further  Day  pre- 
pared asphalt-like  material  by  distilling  wood  chips,  herring 
or  a  mixture  of  both  and  "cracking"  the  distillate  at  high 
temperatures.  Thus  it  is  apparent  that  the  results  of  ex- 
perimentation support  any  theory  and  the  artificial  produc- 
tion indicates  only  the  possibilities  and  not  necessarily  the 
realities  as  to  the  origin  of  bitumens. 

Furthermore  every  case  of  artificial  production  of 
bituminous  matter,  whether  from  animal,  vegetable  or  min- 
eral material  has  required  a  temperature  much  beyond  the 
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or^nary  condition.  An  examination  of  the  natural  deposits, 
however,  i^enerally  indicates  the  improbability  of  a  pre- 
viously highly  heated  state  and  in  some  instances  even  the 
impossibility  of  such  a  condition.  We  cannot  assume  the 
existence  of  conditions  generally  prevalent  within  the  earth 
which  may  be  considered  to  duplicate  those  required  in  the 
artificial  production  of  bitumens.  Quite  the  contrary  the 
burden  of  proof  rests  upon  him  that  would  maintain  that 
the  laboratory  apparatus  and  its  conditions  are  not  in  all 
probability  extremely  unlike  natural  conditions. 

Under  these  circumstances  much  time  and  thought 
have  been  expended  in  the  endeavor  to  ascertain  whether 
unquestioned  evidence  could  not  be  obtained  to  show  from 
what  kind  of  matter  natural  deposits  have  been  derived. 
Hence  many  natural  deposits  have  been  carefully  studied, 
and  while  many  things  point  to  one  origin  or  another,  the 
evidence  can  hardly  be  considered  as  conclusive.  Thus 
Wall  pronounced  the  celebrated  "pitch  lake"  of  Trinidad  to 
be  of  vegetable  origin  because  of  remains  of  vegetation  in 
all  stages  of  change  present  in  the  pitch.  Jones  found  in 
the  same  pitch  unquestionable  animal  remains ;  tience  such 
an  origin  is  at  least  not  improbable.  Later  Richardson 
examined  the  "lake"  and  concluded  that  it  was  of  inorganic 
ori|pn. 

Fraas  observed  petroleum  oozing  from  a  coral  reef  in 
the  Red  Sea  and  concluded  that  the  coral  polyps  are  to- 
day being  changed  into  bitumen.  Binney  noticed  the  same 
phenomenon  about  a  peat  bog  in  England  and  concluded 
that  the  peat  is  being  decomposed  at  the  present  time  into 
petroleum.  Both  of  these  are  isolated  instances.  No  other 
known  coral  reefs  or  peat  bogs  show  evidence  of  similar 
changes  although  conditions  seem  to  be  identical.  Neither 
occurrence  was  thoroughly  studied  to  ascertain  what  evi- 
dence might  be  found  indicating  another  origin. 

The  occurrence  of  bitumen  in  fossils  has  hitherto  been 
of  no  value  as  a  means  of  furnishing  direct  evidence  as  to  its 
origin  inasmuch  as  investigation  proves  that  the  bitumen 
need  not,  and  often  could  not,  have  been  derived  from  the 
organism  with  the  remains  of  which  it  is  to-day  associated 
The  discovery  of  a  fossil  egg,  partly  filled  with  asphalt,  in 
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which  all  evidence  points  unequivocally  to  the  fact  tha 
asphalt  has  been  derived  from  the  natural  contents  q 
egg,  is  considered  of  scientific  value  inasmuch  as  it  i 
first  case  in  which  the  kind  of  material  from  which 
minous  matter  has  actually  been  formed  can  be  defii 
proven.  Since  an  egg  contains  in  concentrated  form  i 
rial  like  that  constituting  animal  tissue,  the  actual  d< 
tion  of  bitumen  from  animal  remains  is  thus  proven.  > 
over  everything  about  this  specimen  indicates  strongly 
it  has  never  been  much  higher  than  ordinary  temper: 
hence  natural  conditions  are  thus  demonstrated  to  b< 
fidient  to  transform  animal  matter  into  bitumen  di 
long  periods  of  time  without  the  aid  of  lieat.  This  di 
ery  does  not  necessarily  mean,  however,  that  some  f 
leums  have  not  been  derived  from  other  than  animal  sot 


DEVELOPMENT  AND  MORPHOLOGY  OF  PENE8TELL; 
EDau  RoBcoi  OuHiNea.    BlouoltigtOD.  Ipd. 

Thin  sections  and  serial  sections  of  exceptionally 
preserved  bases  of  Fenestella  {SemUoscininm  of  authors) 
the  Hamilton  of  Thedford,  Ontario,  show  the  exact  sizi 
shape  of  the  primary  zocecium  (firffioecium)  ^nd  the  m< 
ology  and  orientation  of  the  primary  buds.  The  protoe 
consists  of  an  elongate  tubular  zocecium  with  a  very 
basal  disc.  Tt  is  without  heniisepta.  Morphologically 
strictly  comparable  to  the  protcecium  of  Cyclostomat 
tubulipora,  cheitopora  &c.)  The  two  primary  buds 
from  the  dorsal  face  of  the  protcecium  .usually  just  abov 
basal  disc,  and  are  very  symmetrically  orientated  vrith  i 
ence  to  the  dorso-ventral  plane.  They  are  of  about  the 
shape  as  the  protcecium  and  somewhat  smaller.  Eai 
these  buds  produces  a  single  bud  in  the  first  tier,  and  a 
ditional  bud  arising  from  one  of  the  latter  completes  th« 
tier  of  buds — six  zocecia  including  the  protcecium.  Zc 
of  the  shape  characteristic  of  the  adult    Fenestella  color 
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not  appear  till  the  colony  begins  to  branch.  Hemisepta  have 
not  been  seen  in  any  of  the  earlier  zocecia.  These  studies 
seem  to  definitely  relate  Ftnettella  genetically  to  the  Cyclos- 
tomata.  The  Cyclostomata  are  therefore  the  ancestors  of 
the  Cryptostomata  and  through  them  of  the  Chilostomata. 


PLEISTOCENE   HI8T0RV  OP  FISHERS  ISLAND,  N.  Y.* 
M1BOII  L.  ruLI.K>.  WaafalDsUni,  D.  O. 

Fishers  island,  which  is  located  several  miles  southeast 
of  N'ew  London,  Connecticut,  is  not,  as  has  been  previously 
supposed,  a  simple  morainal  island.  On  the  contrary  the 
morainal  deposits  of  the  last,  or  Wisconsin,  ice  invasion,  are 
generally  only  a  very  few  feet  in  thickness,  the  great  mass 
of  the  island  being  made  up  of  material  deposited  during 
earlier  ice  advances  or  interglacial  stages.  The  oldest  for- 
mation definitely  recognized  on  the  island  is  the  thick  bed  of 
clay  which  is  well  exposed  at  the  big  clay  pit.  This  merges 
upward  without  unconformity  into  a  series  of  sands  and  fine 
gravels,  the  whole  being  later  thrust  up  into  folds  of  consid- 
erable hight.  The  folded  deposits  were  subsequently  deeply 
eroded,  but  were  covered  again  up  to  a  certain  altitude  by 
horizontal  sands  and  gravels  deposited  during  a  later  ice  in- 
vasion. These  were  in  turn  eroded  by  streams  before  the  ad- 
vent of  the  last  ice  sheet,  which  left  a  thin  mantle  of  till  and 
otherwise  slightly  modified  the  surface  at  certain  points. 
The  various  formations  are  correlated  with  similar  beds  on 
Long  island  on  the  west,  and  on  Block,  Marthas  Vineyard 
and  Nantucket  islands  on  the  east.  The  clay  and  the  over- 
lying conformable  sands  are  assigned  to  the  Yarmouth  inter- 
glacial stage,  the  folding  to  the  Illtnoian,  and  the  horizontal 
(Tisbury)  sands  to  the  lowan  glacial  stage. 

1  paper  read  at  tha    Pbilad«lphla  meeting:,    a.    S.    A„ 
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SOME  DRAINAGE  FEATURES  OF  SOUTHERN  CENTRAL  N.  Y.* 

R  V.  TimB.  Ithan.  N    Y 

In  many  instances  along  ttie  divide  between  the  Susque- 
hanna and  St.  Lawrence  drainage  systems  there  is  a  condition 
of  lowered  divides,  across  some  of  which,  as  in  the  Tiough- 
nioga  valley,  east  of  Cortland,  and  the  Cayuta  creek  valley, 
west  and  south  of  Van  Etten,  the  present  drainage  passes. 
Three  theories  are  discussed  to  account  for  these  phenomena, 
glacial  erosion ;  erosion  by  ice  fed  stream ;  and  headwater 
erosion  during  rejuvenation.  Evidence  from  valley  form, 
glacial  deposits,  and  hanging  tributary  valleys  is  presented 
to  prove  that  these  drainage  features  are  in  many  cases,  if 
not  in  all,  due  to  changes  of  earlier  date  than  the  advance 
of  the  Wisconsin  ice  sheet.  While  the  influence  of  possible 
earlier  ice  advances,  of  which  no  evidence  has  been  found  in 
this  region,  is  not  eliminated,  the  facts  so  far  discovered  favor 
the  hypothesis  of  rejuvenation  rather  than  of  glacial  action 
during  earlier  ice  advance. 


MOUNTAIN   GROWTH   AND  MOUNTAIN   STRUCTURE.* 

EUlLIT  WlLLU.  WublDgton.  D.  C 

The  study  of  peneplains  at  various  altitudes  with  refer- 
ence to  sea  level  in  North  America  and  Eurasia,  demon- 
strates that  elevations  of  the  earth's  surface  have  resulted 
from  deformation  which  occasioned  warping  of  previously 
planed  surfaces.  Observations  of  the  effects  of  erosion  in 
the  elevated  masses  show  that  the  process  has  in  general  been 
a  recent  one,  post-Mesozoic,  and  has  justified  Powell's  gen- 
eralization that  mountains  are  youthful  features  of  the  earth. 

The  study  of  the  mechanics,  physics,  and  chemistry  of 
rock  deformation  has  shown  that  the  structures  discovered 

*  Abatraot  at  a  paper  read  at  the    Philadelphia  meeting,    i^.    S.    A.. 


)y  Google 


Ser^w  of  Recent  Geological  Literature.  S3 

in  mountain  mas&es  are  such  as  develop  only  under  consid- 
erable load  of  rock,  and  consequently  at  notable  depths  in  the 
earth's  mass. 

A  comparison  of  the  relative  positions  of  peneplains  and 
depth  of  structure  leads  to  the  conclusion  that  the  mountain 
masses  must  have  been  more  deeply  buried  at  the  time  of 
development  of  the  structure  than  they  can  have  been  since 
the  date  of  peneplanation.  Consequently,  between  the  de- 
formation which  resulted  in  the  structure  and  the  accomplish- 
ment of  peneplanation  there  must  have  elapsed  a  period  of 
erosion  of  greater  or  less  time. 

It  follows  that  modern  mountains  are  not  the  effects  of 
those  forces  which  produced  the  structures.  This  conclusion 
cuts  at  the  foundation  of  the  older  systems  of  classification 
of  mountains. 


REVIEW  OF  RECENT  GEOLOGICAL 
UTERATURE. 

Indianti  Dtpartmeat  oi  Geologj  mod  Natural  Resonrccs.  Twentj- 
Eigbtb  Aannal  Report.     W.  S.  Blatchlby,  Stale  Geologist.    1903. 

This  volume  maintains  the  high  standard  set  by  former  reports 
Issued  by  Mr.  Blatchley.  The  geological  map  which  accompanies 
it  Is  a  notable  addition  to  Indiana  geology  and  la  worthy  of  all 
praise.  For  the  first  time,  Indiana  has  e.  geological  map  worths 
of  the  name. 

The  report  contalne  the  following  chaptera:  The  Geological 
Hap  of  Indiana,  hy  T.  C.  Hoplclns;  A  short  description  of  the  Tope- 
grapby  of  Indiana,  and  of  the  rocks  of  the  different  geological 
periods  of  the  state,  by  T.  C.  Hopkins  and  A.  F.  Foerste;  The  Petro- 
leum indnstry  of  Indiana  in  1903,  by  W.  S.  Blatchley;  The  Lime 
Industry  of  Indiana  in  1903,  by  W.  S.  Blatchley;  Report  of  the  state 
mine  Inspector  for  1903,  by  James  Epperson;  Report  of  the  state 
gaa  supervisor  for  1903,  by  B.  A.  Kinney;  A  Physiographic  and 
Ekwloglcal  study  of  Winona  lake  region,  by  W.  M.  Mills;  The  Strati- 
graphy and  Paleontology  of  the  Niagara  of  nortbem  Indiana,  by 
B.  H.  Kindle;  Contents  of  and  Index  to  volumes  I.  to  XXVm.  of  the 
reports  of  the  Indiana  Cteological  Survey,  by  T.  C.  Hopkins. 

The  detailed  field-work  for  the  geolo^cal  map  has  all  been  done 
dnrlng  the  incumbency  of  Hr.  Blatcfaley  and  Is  in  the  main  of  a 
high  order  of  accuracy.  Future  studies  will  make  some  changes 
in  the  Knobstone-Harrodsburgb  boundary    and     several    outlying 
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areas  of  Silurian  rocks  In  the  southeastern  counties  hare  yet  to  be 
delineated.  The  nomenclature  of  formlBtlonE  as  It  appears  on  the 
map  and  In  recent  Indiana  reports  Is  open  to  some  criticism.  The 
tenn  Bedford  Is  objectionable  for  reasona  pointed  out  by  the 
reviewer  and  others  several  years  ago.  At  that  time  the  term 
SMiem  limestone  was  suggested  for  the  formation  and  was  subse- 
quently sanctioned  by  the  U.  8.  Geological  Survey  In  preference  to 
Bedford  on  substantially  the  grounds  urged  by  the  reviewer  that 
Bedford  Is  the  name  of  a  well  known,  well  charctertzed,  and  widely 
distributed  formation  in  Ohio,  Notwithstanding  these  patent  facts, 
the  Indiana  survey  has  retained  the  term  Bedford  and  introduced  a 
etill  more  objectionable  duplication  of  names  in  the  term  "Huron 
formation"  applied  to  rocks  formerly  known  as  Kaskaskla.  This 
use  of  the  term  Huron  Is  due  to  Messrs.  Hopkins  and  Aehley.  The 
Huron,  again,  Is  a  name  long  used  by  Ohio  and  Michigan  geologists 
for  a  Devonian  formatfon  much  better  characterized  In  every  way 
than  the  Indiana  formation  In  question.  It  was  proposed  by  Wln- 
chell  In  the  First  Biennial  Report  of  the  Michigan  Qeologlcal  Sur- 
vey In  1S61.  Only  confusion  can  result  from  such  duplication  of 
names. 

In  the  dlscusafon.of  the  Ordoviclan  stratigraphy  the  reviewer 
notes  that  Mr.  Poerste  employs  several  of  the  faunal  designations 
of  the  sub-dlvlslons  of  the  Ordoviclan  of  Indiana,  proposed  by  him 
in  1899.  namely  Dalmanella  muHisecCa  zone  for  the  Uttca,  RaSnes- 
qaiaa  altcrnata  lone  tor  the  upper  Lorraine  and  DaJmaaeUa  meeki 
zone  ifD.  jagosa  of  Foerste)  for  the  lower  Richmond.  These  fau- 
nal designations  are  eminently  proper  and  much  more  workable 
than  the  Bryozoan  zones  proposed  by  Nickles.  The  difficulty  of 
Identifying  the  Trepostomata  In  the  field  will  always  render  them 
of  limited  value  to  the  stratlgrapher.  Any  faunal  designation  of  the 
divisions  of  the  middle  and  upper  Richmond  at  the  present  time  Is 
premature  owing  to  the  small  amount  at  detailed  study  that  has 
been  bestowed  upon  this  Interesting  series  of  rocks.  The  faunnles 
of  the  Richmond  seem  to  be  of  much  more  limited  distribution  than 
those  of  the  ITtlca  and  ixirralne. 

In  the  chapter  on  petroleum  Mr.  Blatchley  again  calls  atten- 
tion to  the  many  erroneous  notions  current  among  drillers  and  In- 
vestors In  regard  to  the  occurrence  and  supply  of  petroleum. 

A  noteworthy  contribution  to  Indiana  paleontology  Is  Dr.  Han- 
dle's careful  analysts  of  the  faunae  of  the  Niagara  of  northern  In- 
diana. This  paper  Is  Illustrated  by  excellent  figures  of  the  species 
considered.  The  author  also  describes  the  quaquaveraal  dips  of  the 
Niagara  rocks  of  the  northern  area,  and  concludes  that  they  have 
been  produced  In  a  way  similar  to  the  formation  of  mud  lumps  in 
the  Mississippi  delta,  as  recently  described  by  Harris. 

B.  R.   C. 
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The  Geology  ol  tht  Sao  Josi  District,    Tamaullpaa,  Mexico^   B7  Gbo. 

1.  FiNLAv.       (CoDtrlbutlonB  from  the  Qeologlcal  Dspartntcmt  of 

Columbia  Univeralty,  vol.  xL  No.  lOO.) 

In  December  of  1901,  Mr.  Plnlay  went  to  San  Jos6,  Mexico,  for 
tbe  purpose  of  atudylns  tbe  copper  ore  and  eruptive  rocka  of  that 
district;  tblB  paper  gives  tbe  result  of  his  investigations  of  the 
eruptives. 

The  town  of  San  Job6  lies  in  a  spacious  amphitheatre  which 
is. enclosed  on  three  sides,  tbe  noith,  east  and  west,  by  limestone 
mountains.  Between  these  mountains  the  drainage  of  the  valley 
finds  an  outlet  to  the  north  and  east.  Tbe  hight  of  tbe  peaks  varies 
from  3.000  to  S,600  which  Is  about  1,000  feet  above  tbe  valley  level. 
The  Barll  range  closes  the  valiey  on  the  south  and  forms  a  divide 
between  the  San  Job6  valley  and  that  of  the  Arroyo  Grande  to  the 

The  valley  climate  approaches  aridity;  the  rain  supply  of  the 
year  Is  concentrated  in  one  or  two  weeks  and  finds  its  way  to  the 
streams  at  once,  and  with  little  diminution  from  ground  storage, 
converting  them  into  torrents  and  intensifying  corraslon.  V-shaped 
valleys  and  steep  slopes  result  from  these  climatic  conditions. 

The  stratigraphic  relations  of  the  rock  formations  are  as  fol- 
lows: Underlying  the  town  of  San  Joafi  and  surrounding 
district  is  a  laccoUtlc  mass  of  andesyte  which  has  intruded 
into  limestone  and  shale  on  the  north,  east  and  west,  and 
Into  nephelite  syenyte  to  the  south.  Tbe  limestone  cover  has  been 
almoet  wholly  removed  by  erosion  but  tbe  quaquaversal  dip  of  the 
sedimentary  rock  Indicates  the  laccoUCtc  character  of  the  Igneous 
mass.  At  a  short  distance  from  the  contact  the  limestone  Is  horf- 
Eontal  and  there  the  result  of  the  intrusive  action  Is  recorded  by 
pressure  elfeets  on  the  shaly  member  of  the  formation.  Tbe  nephe- 
lite-syenyte  appears  In  the  Barll  mountains  and  extends  southward 
more  than  fifteen  miles.  It  Is  older  than  the  andesyte  which  lies 
to  the  north  of  it.  Dioryte  Is  found  in  three  rounded  bosses  enclos- 
ed by  the  andesyte  and  it  too  is  older  than  the  andesyte  by  wUcb 
it  Is  penetrated.  There  are  also  numerous  dyke  rocks  younger 
than  these  Igneous  masses,  found  as  Intrusions  In  all  of  them. 

Ths  limestone    is    Cretaceous,    the    andesyte    and    subsequent 
dykes  post-CretaceouB.    The  author  was  unable  to  determine  the    . 
relatione  of  the  aephclile-syenyte  and  the  limestone  and  makes  no 
statement  as  to  their  relative  i^es. 

Tbe  remlander  of  the  paper  is  devoted  to  the  petrography  of 
the  igneons  rocks.    The  author  dietlnguiehes, 
A. — Graaitoid  Types. 

1.  Nephelite  Byenyte.  The  San  JosS  rock  Is  very  uniform 
in  character.  Four  types  are  described:  The  Barll  type,  the  Ar- 
royo Orande  type,  the  Mesa  Verde  type  and  a  basic  fades  of  It.    By 
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calculation  of  ttae  norm  this  rock  1b  found  to  be  persaUne,  of  order 
6,  ruBBare,  damachallc  TlenenaBe,  and  dosodic,  vleuenoM;  whlob 
means  that  the  tallc  mlnemls  preponderate,  ttiat  the  feldspara  are 
dominant  orer  the  feldspatholds,  that  the  alkalies  are  dominant 
over  lime  and  soda  over  potassa. 

2.  Dloryte.  The  two  principal  areas  are  near  San  J<«4  and 
the  rock  is  a  typical  dlorjte. 

B.—Porpbjritic  Tjpe. 

1.  AndeByte.  The  laccollUc  mass  Is  exposed  tor  twelre 
BQuare  miles  in  the  centre  ot  which  la  Bltuated  the  town  of  San 
Jos4.  Two  types  are  dlBtingulshed  and  an  analysis  of  one  is  given 
and  Is  shown  to  be  a  laurvlkose  In  which  the  sallc  constituents  and 
the  feldspars  preponderate;  In  which  the  aUcalleB  are  dominant 
over  lime  and  soda  orer  potassa. 

2.  Dacyte.  This  is  a  more  siliceous  fades  of  the  andeayte 
found  In  the  hllla  south  of  Son  Jos4  ot  which  two  types  are  dls- 
tinauished. 

3.  Basalt.  It  is  a  bluish  black  lava  extending  along  the  Ar- 
rayo  Qrande  tor  tour  or  five  miles. 

C.—Dyke  Rocks. 

The  dyke  rocks  of  the  region  about  San  Josfi  are  separated  into 
two  groups  striking  at  right  angles  to  each  other.  Acid  tinguaytea 
strike  east  and  west  and  a  basic  series  of  camptonytes  yogesytea 
and  Umbnrgjtea  strike  north  and  south.  The  tinguaytes  are 
divided  into  a  porphyritlc  type  and  an  aphanltic  tlnguayte  bearing 
analcite. 

A  discussion  of  the  chemical  relations  of  the  San  Jos6  rocks 
closes  the  paper. 

There  is  a  wide  range  between  the  acid  and  the  basic  roclts 
but  the  tabulated  analyses  show  a  definite  sequence  the  nature  of 
which  Is  Indicated  by  the  writer. 

The  paper  is  Illustrated  by  a  geological  map  ot  the  San  Job6 
district,  by  ten  photomicrograph b  of  the  igneous  typea  and  live 
views  ot  the  mountains  surrounding  San  Jos6-  A.  J. 

The  Geology  of  the  Cerrillos  HiJIs,  New  Mtxko.  By  Douglas  Wil- 
son JOHNSON.  (Contributions  from  the  Qeologloal  Department 
of  Columbia  University,  vol.  z,  No.  90.) 

This  paper  is  a  discussion  ot  the  igneous  hllla  in  the  region  of 
Cerrilloa,  New  Mexico,  with  a  detailed  description  ot  the  surround- 
ing eedlmentary  formations.  The  subject  Is  treated  In  three  parts: 
Fart  I.  ta  concerned  with  the  stratigraphy,  physiography,  geologic 
lilstory  and  economic  products  of  the  district;  Part  n.  contains  a 
description  of  the  palaeontology  of  the  sedimentary  formations; 
Part  in.  gives  an  account  of  the  petrography  ot  the  igneous  f(HS 
mationa. 


Digitized  oy  Google 


Review  of  Recent  Geological  Literature.  $? 

Tlie  CerrtlloB  hUla  ar«  l&ccoUtlu  of  homblende-and  aiiglt«- 
aadesTte  which  hare  been  Intruded  In  CreUiceoiu  sedlmenta.  The 
oveivarchlng  aedlmenta  hR7e  since  been  Temoved  by  erosion,  leav- 
ing the  Igneous  core  exposed.  Mr,  Johnson  U  the  first  to  suggest 
&  lacoolltlc  origin  for  these  Mils  which  have  been  considered  by 
earlier  geologlsta  to  be  remnants  of  great  dykes  or  at  old  volcuioes 
In  which  the  core  has  been  partially  eroded.  He  asserts  as  proof 
ot  Us  conclnslon  the  following  facts; 

1.    The  absence  of  eruptive  fragments  In  the  associated  strata. 

i.  The  compact  crystalline  texture  of  the  rock  whloh  Is  hard, 
dense  and  In  places  almost  granitoid. 

3.  The  dip  of  the  strata  away  frmn  the  hUls  showing  tilting 
subsequent  to  deposition. 

4.  IntmslTe  tongues  of  lava  In  the  adjacent  beds. 

6.  Hetamorpbtsm  In  the  beds  resting  on  the  laccoliths. 
R.    The  quaquaversal  dip  around  the  laccoliths. 

7.  The  relation  of  the  intrusive  sheets  accompanying  the  lao- 
collths  which  are  thicker  near  the  uplift  and  thinner  and  less 
steeply  Inclined  at  a  distance  from  it. 

5.  The  evidence  of  annular  drainage  as  shown  in  the  San 
Marcos  Arroyo, 

The  Mesozolc  sediments  surrounding  the  laccoliths  cover  a  suc- 
cession of  deposits  extending  from  the  lowest  beds,  found  at  the 
base  of  the  Qalisteo  monocline  and  presumably  of  Jura-Trias  age 
throogh  the  Laramie  deposits  of  Gallsteo  red  sandstone.  During 
the  Fox  Hills  period  there  was  a  deposition  of  lignite  which  has 
been  altered  subsequently  to  bituminous  and  anthracite  coal  by 
the  metamorphlc  action  of  the  intrusive  sills.  There  followed  a 
long  erosion  interval  during  which  the  andesyte  was  Intruded  and 
the  region  peneplalned.  The  deposition  or  the  Santa  Fe  maris  be- 
gan and  continued  from  the  Loup  Fork  stage  until  recent  times. 
These  were  supposed  to  have  originated  In  one  o(  the  great  lakes 
that  were  so  nnmerous  In  the  western  Interior  during  Tertiary  times. 
The  author  however,  euggeets  that  these  maris  are  of  alluvial 
rather  than  of  lacustrine  origin  and  advances  In  support  of  this 
theory  the  following  proofs: 

1.  The  variation  In  texture  and  composition  of  the  beds  In 
vertical  section. 

2t    The  presence  of  beds  of  cong1omei«te. 

3.  The  sudden  variations  in  thickness  and  extent  of  the  com- 
ponent beds. 

4.  The  presence  of  erosion  unconformities. 

5.  The  development  of  cross  bedding. 

6.  The  presence  of  land  fauna. 

7.  The  absence  of  a  lake  echorellne. 

To  Mr.  Johnson  the  above  facts  seem  conclusive.    While  these 
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conditions  would  occur  la  the  case  ot  flu7laUle  deposits  aiid  may 
be  considered  as  evidence  pointing  to  an  allur'ftl  origin,  tbey  are 
hardly  to  be  considered  as  absolute  proof  of  such  an  origin. 

In  water  of  constantly  Tarylng  depth  there  would  be  variation 
In  the  texture  and  composition  of  the  beds.  Because  ot  an  alter- 
nate deepening  and  shallowing  of  the  water  we  may  get  a  Buccea- 
slon  of  gravel,  marls  and  gravel.  A  possible  elevation  In  one  part 
of  the  lake  accompanied  by  depreaslMi  In  another  part  would  cause 
changes  In  the  thickness  and  extent  of  the  component  beds  and 
might  produce  an  erosion  line.  Ripple  marks  have  been  In  some 
cases  preserved  to  the  distance  of  a  mile  or  more  from  the  shore 
as  In  the  case  of  Great  Salt  lake.  Cross  bedding  In  lakes  due  to 
the  action  of  counter  currents  has  been  observed  and  wind  cur- 
rents have  been  effective  In  producing  this  phenomenon.  Sub- 
angular  conglomerate  may  be  formed  from  pebbles  which  have  been 
transportd  a  short  distance  and  quickly  cemented  by  calcium  car- 
bonate deposited  from  the  saturated  water.  If  we  assume  that  the 
CerriUos  peaks  emerged  from  a  lake  as  islands,  the  material  for 
the  conglomerate  might  be  furnished  by  the  erosion  of  these 
Islands,  and  alluvial  deposits  from  the  mountain  streams  emptying 
into  the  lake  would  account  for  the  pressfice  of  the  alluvial  fans 
at  the  base  of  the  present  mountains.' 

The  economic  products  of  this  region  are: 

1.  The  anthracite  and  bituminous  coal  of  the  Madrid  field. 

2.  The  turquoise  deposits  of  Turquoise  hill.  These  are  found 
as  veins  and  nodules  throughout  the  auglte  andesyte  and  have 
been  altered  from  the  country  rock  by  heated  solutions  and  vapors 
rising  along  lines  of  fracture. 

In  Part  II  Mr.  Johnson  gives  a  detailed  account  of  the  palae- 
ontology of  the  region  describing  with  great  accuracy  the  fossils 
collected  from  nine  different  sections.  These  descriptions  are  Illus- 
trated by  a  fine  series  of  plates  wblcb  add  greatly  to  the  Interest 
of  the  book.  The  whole  article  shows  evidence  of  the  most  care- 
ful and  accurate  work. 

In  Part  m  five  series  of  rocks  are  described: 

1.  The  mlca-andesyte  forming  sheets  Interstratlfied  with 
shale. 

2.  The  eruptive  breccias  of  the  Oallsteo  group. 

3.  The  homblende-aadesyte  forming  the  older  and  smaller 
laccoliths. 

i.  The  auglte-andesyte,  which  Is  the  most  abundant  rock  of 
the  CerriUos  district  and  which  forms  the  main  part  of  the  lacco- 
lltlc  uplift. 

5.  The  olivine  basalt  which  forms  the  lava  flow  of  ML  Cal- 
vary and  occurs  In  radial  dykes  as  the  basic  Ilmburgyte. 

Hr.  Johnson  has  classlfled  the  CerriUos  rock  under  the  chemico- 
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mtaeraloglcal  system  of  classification  and  has  given  tbe  equations 
for  tlie  respective  class  order,  rang  and  grad,  thereby  making  the 
nomenclature  clearly  intelligible  to  those  who  are  not  as  yet  com- 
pletety  familiar  with  the  new  scheme. 

His  treatment  of  the  Cerrlllos  district  is  clear  and  logical,  writ- 
ten In  a  very  Interesting  manner  and  complete  in  all  respects.  In 
addition  to  the  palaeontological  plates  the  book  is  illustrated  by  & 
large  map  of  the  region,  accompanied  by  sections,, by  numennu 
full  page  photographs,  by  various  half  page  diagrams  and  plates, 
and  hy  a  series  of  photo-micrographs.  E.  F.  B. 
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New  or  little  known  mammals  from  the  Miocene  ot  Sonth 
Dakota.  (Am.  Mus.  Nat.  Hist.  Bull,  vol.  20,  pp.  241-268,  July  20, 
1904.) 

McCALLIE,  8.  W. 

A  preliminary  report  on  the  coal  deposits  of  Qeorgla.  (BnU. 
.12,  p.  117.  Geol.  Snr.  Qa.,  1904.) 
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MrSTOCKLES,  N. 

The  tmteoabteiMU  of  the  nebular  theory.  QI.  (Am.  OeoL, 
Tol.  34,  pp.  361-370.  Dec.,  1904.) 

PEET,  C  E. 

Glacial  and  post-Qlaclal  hlstOTT  of  the  Hudson  and  Champlaln 
Talleys.    n.     (Jour.  Geol.,  vol.  12,  pp.  617-66C,  OcL-Nov.,  1904.) 

PROSeER,  CHARLES  8.    (and    E.    R.  CUMINQS). 

The  Waverlr  fonnatlons  of  Central  Ohio.  (Amer.  Qeol.,  vol. 
34,  pp.  335-363,  Dec.,  1904.) 

RANSOM  E,  F.  L. 

Deecrlptlon  of  the  Blabee  quadrangle.  (U.  S.  QeoL  Atlas,  Bla- 
bee  Folio.  No.  12,  1904.) 

RANSOME,   F.   L. 

Description  of  the  Globe  quadrangle.  (U.  8.  Geol.  Atlas,  Glob& 
Folio,  No.  Ill,  1904.) 

RICKARD,  T.  A. 

Copper  Mines  of  Lake  Superior.  VII,  VIII,  IX.  X,  XI.  (Eng. 
Mln.  Jour,,  vol.  78.  Nov.  and  Dec,  1904.) 

8CHUCHERT,  CHARLES. 

On  the  Slluric  and  Devonlc  Cystldea  and  Camarocrlnus. 
(Smith,  Hlsc.  Coll.,  vol.  47.  pp.  201-272,  pis.  34-44,  1904.) 

8HIMEK,  B. 

Loess  papers:  The  loess  at  Natchei,  Miss.;  The  loess  and  th9 
loosing  man;  The  I^nslng  deposit  not  loess;  Loess  and  the  lowan 
drift;  Evidences  (?)  of  water  deposition  of  loess.  (Bull.  Lab.  Nat 
Hist.,  Univ.  Iowa,  vol.  6.  pp.  297-381,  Nov.  10,  1904.) 

SHIMEK,   B. 

Hellcina  occulta  Say.  (Proc.  Dav.  Acad.  Sci.,  vol.  9,  pp.  ITS- 
ISO.) 

SPENCER,  A.  C. 

Qenesis  of  the  magnetite  deposits  In  Sussex  coanty.  New  Jer- 
•ey.     (Mtn.  Mag.,  vol.  10.  pp.  378-381,  Dec.  1904.) 

VAN    HI8E,    C.    R. 

The  problems  of  Geology.  (Jour  GeoL,  voL  12,  pp.  BSS-Slfi, 
Oct-NoT..  1904.) 

WATSON,  THOS.  L. 

A  preliminary  report  on  the  bauxite  deposits  of  Oeorgla.  (Bull. 
11.  Geol.  Survey  of  Georgia,  pp.  189,  1904.) 

WHITEAVES,    J.    F. 

Preliminary  Hat  of  fossUa  from  the  Silurian  (Upper  Silurian) 
rocks  of  the  Hkwan  river,  collected  by  D.  B.  Dowllng  in  1901,  with 
descriptions  of  such  species  as  appear  to  be  new.  (Geol.  Snr.  Can., 
p.  24,  1904.) 
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Tbe  proembryo  of  the  BenoetUtUe.     (Am.  Jour^  S«l.,  toL  IS, 
pp.  145-448,  Dec.,  1904.) 


PERSONAL  AND  SCIENTIFIC  NEWS. 

Dr.  J.  Mackintosh  Bell  instructor  in  geology  at  Har- 
vard University,  a  nephew  of  Dr.  Robert  Bell,  acting  director 
of  the  Goelogical  Survey  of  Canada,  has  been  appointed  gov- 
ernment geologist  of  New  Zealand,  to  succeed  Sir  James 
Hector.    Science.) 

Dr.  Henrv  Montgomerv  has  been  appointed  curator  of 
the  museum  at  the  University  of  Toronto,  Ont. 

Dr.  George  P.  Morrill  was  elected  president  of  the 
Geological  Society  of  Washington  and  Waldemar  Lindgren 
and  A.  H.  Brooks  vice  presidents,  at  the  twelfth  annual 
meeting  of  the  society. 

Awards  in  the  Department  of  SIines  and  M ktalluroy, 
LooisiANA   Purchase  Exposition,  1904. 

Below  is  given  a  list  of  State  and  Government  geological 
survey  awards  granted,  based  on  their  work  and  their  ex- 
liibits  at  the  St.  Louis  Exposition.  This  is  the  first  time  in 
the  history  of  expositions  that  the  work  of  the  geological 
surveys  received  adequate  recognition.  The  recognition  re- 
ceived at  this  Exposition  was  doubtless  due  in  part  to  the 
fact  that  on  the  Jury  of  Awards  there  were  many  able  geolo- 
gists and  mining  engineers  representing  the  United  States 
and  other  countries,  and  partly  to  the  fact  that  the  Chief  erf 
the  Department  of  Mines  of  the  Exposition  was  himself  a 
Fellow  of  the  Geological  Society  of  America  and  a  State 
Geologist. 

Grand  Prises  to  ike  Following: 

United  States  Geological  Survey,  Washington. 

British  Geological  Survey,  London. 

Prussian  Geological  Survey,  Berlin. 

Austrian  Geological  Survey,  Vienna. 

Swiss  Geological  Survey,  Zurich. 

Portuguese  Geological  Survey,  Lisbon. 

New  York  Paleontological  Survey,  Albany. 

Geological  Survey  of  Japan. 

Geological  Survey  of  Canada. 
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ffp/rf  Medals  to  the  Following: 

Pennsylvania  Geological  Survey,  Harrisburg. 
■  N.  H.  Winchell,   Minneapolis,  Minn. 

Geological  Survey  Publications,  Minnesota. 

Ohio  Geological  Survey,  Columbus. 

Geological  Survey  of  New  South  Wales,  Sydney,  Ont 

Geological  Survey  of  Alabama,  University,  Ala. 

California  State  Mining  Bureau,  San  Francisco,  Cal. 

New  York  State  Museum,  Albany.     (In  Geology). 

Geological  Survey  of  New  Jersey,  Trenton,  N.  J. 

Maryland  Geological  Survey,  Baltimore,  Md. 

Geological  Survey  of  Missouri,  Rolla,  Mo. 

Geological  Survey  of  West  Virginia,  Morgantown,  West 
Va. 

Geological  Survey  of  Indiana,  Indianapolis. 

Geological  Survey  of  Georgia,  Atlanta,  Ga. 

Iowa  Geological  Survey,  Des  Moines,  Iowa. 

Wisconsin  Geological  Survey,  Madison,  Wis. 

John  C.  Branner,  Stanford,  Cal. 

Publications  of  the  Arkansas  Geological  Survey. 

Kentucky  Geological  Survey,  Frankfort. 

Michigan  Geological  Survey,  Lansing,  Mich. 

The  Geographic  Societv  of  Chicago  held  a  meeting  on 
December  loth,  at  which  the  following  brief  addresses  were 
given:  Eliot  Blackwelder,  "Tat  Shan — the  Holy  Mountain 
of  Shantung;"  W.  W.  Atwood,  "An  Ascent  of  the  Enchanted 
Mesa ;"  R.  E.  Blount,  "A  Field  Trip  in  the  Harz ;"  Zonia 
Baber,  "The  Transcontinental  Trip  of  the  Eighth  Interna- 
tional Geographic  Congress ;"  Mabel  Sykes,  "A  Trip  to  Van- 
couver." 

United  States  Geological  riuBVEv. 

Among  the  recently  issued  publications  of  the  Survey 
are  the  following: 

"The  petrography  and  geology  of  the  igneous  rocks  of 
tlie  Highwood  mountains,  Montana,"  by  L.  V.  Pirsson ;  Bul- 
letin No.  237. 

"The  water  powers  of  Texas,"  by  T.  C.  Taylor ;  Water 
Supply  and  Irrigation  Paper  No.  105. 

"The  Delavan  lobe  of  the  lake  Michigan  glacier  of  the 
Wisconsin  stage  of  glaciation  and  associated  phenomena," 
by  W.  C.  Alden :  Professional  Paper  No.  34. 

"The  Latrobe  (Pa.)  Folio,"  by  M.  R.  Campbell ;  Geologic 
Folio  No.  1 10. 

"A  general  reconnaissance  across  the  Cascade  range 
near  the  forty-ninth  parallel,"  by  G.  O.  Smith  and  F.  C.  CjU- 
Idns;  Bulletin  No.  235. 
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"Contributions  to  Devonian  paleontology,  1903,"  by  H, 
S.  Williams  and  E.  M.  Kindle;  Bulletin  No.  244. 

"The  twenty-fifth  annual  report  of  the  Director  of  the 
United  States  Geological  Survey."  This  report  includes  an 
account  of  the  work  of  the  survey  from  July,  1903,  to  July, 
1904. 

New  York  Academy  of  Sciences.  Nov.  21,  1904,  Prof. 
J.  J,  Stevenson  read  a  paper  upon  "The  Island  of  Spitzbergen 
and  its  Coal,"  illustrated  by  lantern  slides.  The  speaker  de- 
scribed briefly  the  coast  of  northern  Norway  and  its  geology 
and  referred  in  some  detail  to  Bergen,  Hammerfest  and  other 
cities.  The  coal  beds  are  of  Jurassic  age  and  the  coal  is  pecu- 
liar in  that  it  partakes  of  the  characters  of  the  lignites  as  well 
as  of  the  true  coals. 

Prof.  J.  F,  Kemp  presented  an  abstract  of  a  paper  on 
The  Titaniferous  Magnetite  in  Wyoming.  The  magnetite 
occurs  in  two  places,  fifteen  and  twenty  miles  north  of  Lar- 
amie, Wyoming,  the  former  and  smaller  occurrence  being  the 
Shanton  ranch,  the  latter  and  larger  being  on  Chugwater 
creek,  ^oth  are  in  wall  rock  of  anorthosyte  whicli  is  prac- 
tically indistinguishable  from  anorthosyte  occurring  in  the 
Adirondacks.  The  ores  range  from  20  per  cent  to  40  per 
cent  TiO^.  Thin  sections  show  that  they  contain  green 
spinels  and  one  slide  presents  much  olivine.  They  can  be 
most  reasonably  explained  as  intrusive  dikes.  In  this  view 
tlie  speaker  agreed  with  Waldemar  Lindgren  who  has  pub- 
hshed  a  brief  note  regarding  them. 

A  special  meeting  of  the  Section  of  Geology  and  Miner- 
alogy was  held  December  2,  when  a  lecture  was  given  by 
Prof.  Albrecht  Penck,  of  the  Imperial  University  at  Vienna, 
who  is  an  honorary  member  of  the  academy. 

The  speaker  discussed  "The  Glacial  Surface  Features  of 
the  Alps,"  and  gave  a  brief  summary  of  some  of  the  results 
of  the  twenty  years  of  masterly  work  which  has  been  done 
by  him  and  under. his  direction  in  the  Tyrol.  Professor 
Penck  discussed  in  popular  language  the  nature  of  the  valleys 
of  the  Alps  and  showed  by  means  of  lantern  slides  and  a  dia- 
gram how  the  glaciers  have  widened  and  deepened  portions 
of  their  rock  basins  and  produced  lakes.  A  vote  of  thanks 
was  passed  to  the  distinguished  guest  of  the  evening. 


)y  Google 


»Google 


»Google 


»Google 


»Google 


THE 

AMERICAN    GEOLOGIST. 

VOL.  XXXV.  FEBRUARY,  iw  No- 1. 

THE  COARSENESS  OF  IGNEOUS  ROCKS  AND  ITS  MEANINQ. 

ALTRED  C.  Labb,  LSBllng,  Ulcb.     ■ 

PLATE  rV. 
For  some  time*  and  in  a  series  of  papers  I  have  been 
interested  in  studying  the  grain  of  rocks,  its  variation  in 
coarseness  and  the  inferences  that  may  be  drawn  therefrom. 
Though  I  began  studying  it  by  noticing  the  dimensions  of 
cross  sections  of  certain  crystals  in  thin  sections  it  has  be- 
come evident  to  me  that  in  many  cases  microscopic  work 
and  thin  sections  are  not  necessary  nor  even  definite  numer- 
ical results  (though  always  advisable)  in  order  to  draw  in- 
ferences of  interest.  I  wish  therefore  in  this  article  to  give 
briefly  without  either  the  mathematical  foundations  or  the 
exact  mathematical  limitations,  some  of  the  results  of  my 
studies  in  such  shape  as  to  attract  the  attention  and  interest 
of  geologists  generally  to  the  value  of  inferences  from  the 
coarseness  of  grain,  I  should  only  premise,  that  it  any  one 
finds  that  the  inferences  here  drawn  do  not  agree  with  facts 
known  to  him  of  which  he  is  absolutely  sure,  it  is  quite  as 
likely  that  I  have  left  out,  in  restating  the  facts  witlioUt 
mathematics,  some  essential  limiting  factor  as  that  the  gen- 
eral theory  is  seriously  defective.  There  is  however  one 
presupposition  I  make,  which  is  not  strictly  true,  variations 
from  which  may  cause  great  variations  in  the  results.  That 
is,  that  the  whole  mass  of  the  igneous  r*ck  when  it  was 

•Part  1,  volume  vJ,  REportH  OeoIoKlcal  Survey  o(  Hlchlgan:  Bull 
Gial.  Sue.  .rfo.  pp.  M9-W6:  vlll,  pp.  403-101:  Annual  Reports,  for  l»Oa  and 
IMH,    Mich,    Qeol.   Surv.    Am.    Jtur.    of  Sdtntt.    Vol.  «iv.  Nov.,  1«8,  p.  398. 

The  plate  herewith  given  ia  prepared  Cor  tb«  Annual  Report   for  ISO*. 
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poured  forth,  or  squeezed  in,  was  under  uniform  conditions 
of  liquefaction,  temperature,  pressure  and  absorbed  mineral- 
izing gases.  We  shall,  At  the  close,  consider  some  modifica- 
tions of  the  phenomena  which  may  be  assigned  to  non-uni- 
form conditions. 

One  important  condition  of  the  coarseness  of  a  given 
mineral  is  the  rapidity  with  which  it  forms.  The  slower  the 
formation  the  coarser  the  grain.  This  in  turn  will  obviously 
depeild  in  some  measure  upon  the  ease  with  which  its  en- 
\-:ronment  (country  rock,  air  or  water)  can  absorb  the 
liquefying  factors  (heat,  or  mineralizing  gases,  etc.)  Thus 
a  lava  poured  forth  beneath  the  ocean  may  be  expected  to 
lose  heat  faster  than  one  intruded  into  dry  sand.  We  try 
to  allow  for  these  factors  by  assuming  various  widths  of 
contact  zones. 

The  coarseness  of  grain  of  a  rock  is  iiot  a  mathematical 
conception.  We  may  better  speak  of  the  coarseness  of 
grain  of  an  individual  constituent,  the  feldspar  or  augite  or 
quartz  of  a  rock.  The  general  impression  of  the  coarseness 
of  grain  of  the  rock  as  a  whole  may  be  due  to  the  composite 
effect  of  one  or  two  or  three  of  the  constituent  minerals. 
Usually  the  grain  of  the  feldspar  is  an  important  factor.  In 
the  plate  of  drill  cores  (iv.)  the  mottling  is,  however,  due 
to  the  ophitic  augites,  which  on  fresh  fracture  give  a  luster- 
mottled  effect.  At  times  also  two  or  more  minerals,  may 
vary  in  the  same  way.  and  we  may  speak  of  the  grain  be- 
coming coarser  for  all  of  them  and  so  for  the  rock  which 
they  make  up. 

Now  in  our  mathematical  discussion  we  call  the  condi- 
tions of  consolidation  (u).  those  of  the  igneous  rock  as  it  is 
poured  forth  or  thrust  in  (lu^)  and  those  of  the  country 
rock  zero  (o). 

(A.)  If  the  conditions  of  consolidation  are  nearer  the 
former  f.^**)  than  the  latter,  the  grain  at  the  margin  is  finer, 
theoretically  indefinitely  fine.  The  igneous  rock  will  have 
a  glassy  or  aphanitic  "saalband,"  selvage  or  wall.  This  we 
know  is  the  customary  thing  for  common  trap  dikes.  The 
grain  will  increase  at  first  from  the  margin  at  a  uniform  rate, 
not  dependent  on  the  thickness  of  the  country  rock  nor  of 
the  contact  zone. 
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If  the  contact  zone  is  a  broad  one  not  cooling  rapidly, 
but  letting  the  plane  of  contact  remain  for  some  time  in 
conditions  just  half  way  between  those  the  country  rock  and 
the  igneous  rock  had  at  the  beginning  (o)  and  fiu*\J,  the 
grain  will  continue  to  increase  though  not  at  a  uniform  rate, 
until  it  may  even  be  a  good  deal  coarser  than  farther  from 
the  margin.  This  belt  of  coarser  grain  not  at,  but  parallel 
to,  the  margin  will  be  pronounced  only  in  rather  exceptional 
conditions,  when  the  contact  zone  is  quite  broad,  and  the 
temperature  of  consolidation  only  a  little  nearer  the  temper- 
ature of  injection  than  that  of  the  country  rock. 

After  a  short  time  if  the  contact  zone  is  a  narrow  one, 
a  longer  time  if  it  is  broad,  the  contact  zone  will  be  heated 
up  so  that  the  igneous  rock  will  cool  as  though  it  were  the 
outside  of  the  contact  zone  which  was  its  margin  held  at  a 
fixed  temperature,  and  if  the  contact  zone  is  very  narrow, 
as  it  generally  seems  to  be  in  efTusive  rocks,  tbe  grain  in- 
creases once  more  {miformly.  It  will  do  this  more  especially 
if  the  temperalure  of  consolidation  is  pretty  close  to  that  of 
the  molten  rock  when  it  came  to  rest.  This  seems  frequent- 
ly to  be  the  case  with  effusive  basic  lavas  which  flowed  on 
and  on  and  stirred  themselves  up  until  the  earlier  crystals 
began  to  form  while  the  lava  was  still  in  motion.  Then  it 
began  to  stiffen,  and  at  this  time  and  temperature  it  was  on 
the  verge  of  consolidation  throughout. 

For  instance  the  most  common  type  of  Keweenawan 
trap  is  an  ophyte  mainly  composed  of  augite  and  labra- 
dorite  with  some  iron  oxides  and  olivine  in  chemical  compo- 
sition an  auvergnose  close  to  a  hessose,  with  about  47  per 
cent  SiO*,  10  per  cent  CaO  and  3  per  cent  alkalies.  The 
type  is  the  great  ridge  known  as  the  "grreenstone."  Such 
flows  continued  to  spread  until  the  olivine  and  probably 
also  the  feldspar  had  begun  to  form.  We  And  in  them  that 
the  augite  is  the  last  formed  mineral,  and  that  its  grains  en- 
close the  tablets  of  feldspar,  but  crowd  ahead  of  them  the 
other  components  so  far  as  possible.  These  augite  patches 
attain  a  perceptible  size  as  will  be  seen  by  plate  IV  in  four 
to  ten  feet  from  the  margin.  This  corresponds  to  the  first 
ra!e  of  increase.  Thereafter  the  increase  of  size  of  patches 
is  less  rapid  but  fairly  uniform  and  continuous,  something 
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like  one  millimeter  in  breadth  of  patch,  diameter  of  augite 
grain,  for  every  sixteen  feet  distance  from  the  margin. 
Some  valuable  application  can  be  made  of  these  facts. 

.  (i)  If  a  sample  appears  to  be  unusually  fine  grained  for 
its  distance  from  the  margin  of  the  flow  it  is  often  found 
that  it  is  more  feldspathtc  than  the  normal  ophytes  (andose, 
i.  e.  "ashbed  diabase,  i,  e.  porphyritic  melaphyre,  or  some- 
thing still  more  felsitic.) 

(2)  The  direction  in  which  the  mottles  (grain)  are  get- 
ting finer  is  probably  that  of  the  nearest  amygdaloid,*  and 
the  coarseness  of  the  mottles  enables  one  to  infer  about  how 
far  off  (or  ahead  in  diamond  drilling)  it  may  be  expected  if 
slips  do  not  intervene. 

(3)  As  Dr.  Hubbard  suggests,  if  a  flow  appears  by 
chemical  or  petrographic  analysis  to  be  a  normal  ophyte 
but  when  cut  by  a  drill  hole  the  grain  does  not  increase  at 
the  normal  rate  it  may  be  possible  to  infer  the  dip.  In  a 
vertical  shaft  or  drill  hole,  the  apparent  rate  would  be  the 
real  rate  of  16  feet  per  millimeter  divided  by  the  cosine  of 
the  dip.  But  the  difficulty  of  determining  the  rate  of  increase 
of  grain  accurately,  the  liability  of  drill  holes  to  veer,  and 
the  possibility  of  exceptional  temperatures  in  the  flow  are  all 
factors  that  should  lead  to  extreme  caution  in  the  applica- 
tion of  this  method.  The  dip  thus  obtained  should  be  taken 
as  a  suggestion.  I  have  however  used  it  with  better  suc- 
cess than  I  expected. 

(4)  Sudden  variations  in  grain  may  serve  to  call  atten- 
tion to  faults  and  slips. 

(5)  Intrusive  dikes  behave  quite  differently. 

(B.)  If  the  conditions  of  consolidation  are  nearer  those 
of  the  country  rock  than  those  the  rock  had  at  the  time  of 
intrusion  and  the  beginning  of  cooling,  it  will  be  coarser  at 
the  margin  than  at  a  little  distance  therefrom.  If  the  con- 
tact zone  is  very  narrow  the  zone  of  decrease  of  grain  will 
be  very  small,  and  from  thence  in  the  grain  will  be  as  though 
the  consolidation  was  from  the  outer  margin  of  the  contact 
zone  kept  at  a  fixed  temperature.  But  if  the  contact  zone 
is  broad  there  will  be  a  gradual  decrease  of  grain  to  the  zone 
of  uniform  grain  of  which  we  shall  presently  speak,  the  extra. 
■  The  porous  bubbly  top  of  a  flow. 
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coarseness  of  the  margin  being  pronounced  only  as  the  con- 
ditions of  its  consolidation  approach  being  balanced  juat 
half  way  between  those  of  the  country  rock  and  initially  in- 
jected magma. 

(Q  If  the  temperature  and  conditions  at  which  the 
molten  rock  comes  to  rest  are  not  very  near  or  within  the 
range  of  conditions  of  consolidation  there  will  be  back  from 
the  margin  and  near  to  the  center  a  zone  of  uniform  grain. 
This  will  not  be  all  formed  at  the  same  time,  but  the  molten 
rock  will  be  cooling  down  at  the  same  rate  when  it  gets 
down  to  the  same  temperature.  This  is  a  result  of  very  wide 
£pplication.  The  proportion  of  this  zone  of  uniform  width 
■iepends  on  the  relations  of  the  three  temperatures,  those  of 
be^nning  of  consolidation  and  of  the  country  rock.  The 
nearer  the  latter  is  to  that  of  consolidation  the  broader  the 
belt  of  uniform  grain.  The  broader  the  contact  zone  the 
more  extensive  the  belt  of  uniform  grain,  as  might  be  ex- 
pected, for  the  broad  contact  zone  means  one  that  absorbs 
relatively  little  heat  and  will  make  the  difference  between 
the  margin  and  center  in  conditions  less. 

The  formula  for  the  grain  through  this  center  belt  is  so 
simple  that  we  shall  venture  to  give  it  as : 

Which  being  interpreted  is  as  follows: 

The  coarseness  of  grain  (E)  in  the  belt  of  uniform  grain 
is  proportional  to  the  ease  of  crystallization  and  the  mole- 
cular abundance  of  the  mineral  concerned  (k),  and  to  the 
size  of  the  mass  of  rock  whose  temperature  varies  consid- 
ered as  a  sheet  of  indefinite  extent  and  thickness  (c).  and 
inversely  proportional  to  the  square  root  of  the  diffusivity 
(a*),  and  the  difference  between  the  temperature  {and  other 
conditions)  of  consolidation  and  those  prevailing  in  the 
country  rock  (u). 

It  will  be  noticed  that  in  this  formula  the  initial  tem- 
perature and  conditions  of  the  molten  rock  do  not  enter, 
and  play  no  rolt.  These  must  be  studied  at  or  near  the 
contact. 

We  have  said  that  this  central  zone  of  uniform  grain  is 
not  all  formed  at  the  same  time.  Now  if  in  what  would 
otherwise  be  such  a  contact  zone  there  is  a  concentration 
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by  gravitative  settling  or  any  other  method  of  the  more 
soluble  and  less  quickly  crystallizable  part,  we  may  have  a 
coarser  grain  due  to  the  practical  decrease  of  (u)  the  tem- 
perature and  conditions  of  consolidation,  or  the  increase  of 
(k)  the  molecular  abundance  of  some  particular  mineral. 

Again  at  the  moment  of  injection  or  effusion  a  certain 
width  of  the  molten  rock  may  crystallize,  and  in  that  ease 
consolidate  as  though  the  country  rock  and  the  margia  had 
the  actual  temperatures  of  injection.  But  within  this 
stiffened  rind  a  flow  may  go  on  before  final  cessation 
of  motion.  The  consolidation  just  within  the  rind  will 
be  abnormally  slow  owing  to  the  fresh  accessions  of 
heat,  and  when  the  rock  finally  comes  to  rest  it  will 
start  with  the  heated  rind  for  a  country  rock,  Grys- 
tals  of  minerals  except  those  which  determine  the 
stiffening  of  the  molten  rock  will  be  formed  as  it  pushes 
along  in  and  along  side  the  rind  in  the  belt  whose  tempera- 
ture is  lowered  to  their  range  of  formation.  They  will  be 
the  porphyritic  crystals  of  the  rhyocrystal  {formed  floating 
in  transit)  type,  and  may  of  course  be  swept  by  currents  into 
the  middle  of  the  molten  stream  and  even  remelted,  tending 
to  lower  the  temperature  of  the  stream  as  a  whole.  The 
net  result  of  considering  flowage  appears  to  be  that  probably 
in  considering  the  grain  at  the  center  a  httle  less  range  of 
conditions  of  temperature  (uo)  should  be  assumed  than  for 
the  margin. 

Now  for  some  more  applications.  The  deeper  seated 
rocks,  batholiths  and  intrusives,  are  likely  to  have  (r)  hotter 
contact  zones;  (2)  owing  to  the  retention  of  minerahzers 
under  pressure,  lower  temperatures  of  consolidation,  or  more 
broadly  conditions  of  consolidation  more  like  those  prevail- 
ing in  the  rocks  in  which  they  are  injected ;  {3)  perhaps 
higher  initial  or  injection  temperatures;  (4)  broader  contact 
zones. 

The  zone  of  uniform  grain  is  therefore  probably  much 
broader,  and  coarser  grain  at  the  margin  is  more  likely  to 
occur.  If  tTiere  is  a  zone  of  uniform  grain  it  is  likely  to  be 
coarser  than  a  similar  zone  in  an  otherwise  similar  effusive, 
but  it  is  not  necessarily  coarser  than  the  grain  of  the  effu- 
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save,  if  that  is  formed  at  an  early  stage  and  increases  con- 
tinuotisly  from  the  center. 

Extra  coarse  grain  of  intrusives  like  pegmatytes,  may 
point  to  a  country  rock  near  fusion-solution,  or  to  such 
an  accumulation  of  mineralizers  as  to  bring  their  consolida- 
tion-crystallization point  down  close  to  that  of  the  country 
rock,  which  amounts  to  the  same  thing. 

Fine  grained  rocks  of  uniform  grain  like  aplytes  seem 
to  point  to  the  following  conditions :  (i)  small  dimensions  (c); 
which  is  generally  the  case ;  (2)  a  considerable  difference  in 
condition  between  the  consolidation  point  and  that  of  the 
country  rock  (i.  e.  u  reasonably  large) ;  (3)  but  this  differ- 
ence must  nevertheless  be  less  than  half  the  initial  difference 

Suppose  for  instance  a  gabbro  magma  were  at  1400°  C. 
originally  and  consolidated  at  1100°  C,  By  the  time  the 
margin  and  contact  zone  had  cooled  down  to  800°  C.  there 
would  be  a  tendency  to  shrink  which  i:night  be  relieved  by 
injections  of  residual  magma  like  the  "red  rock"  (soda 
granites,  granitells),  at  the  center  which  still  remained  at 
1400°.  If  this  residual  magma  also  consolidated  at  1100°  C. 
it  might  take  aplitic  form,  but  if  very  rich  in  mineralizers, 
superheated  steam,  and  so  liable  to  consolidate  at  lower  tem- 
peratures,  might  be  indefinitely  coarse  and  pegmatitic.  Such 
-  in  fact  appears  to  me  to  be  the  probable  conditions  for 
many  dike  rocks. 

Regarding  the  granites  and  gneisses  called  Laurentian 
and  regarded  by  many  as  the  softened  base  of  the  geological 
column,  it  is  now  pretty  generally  agreed  that,  as  was  clearly 
pointed  out  by  Lawson,  they  behave  in  their  relation  to  such 
formations  as  the  Keewatin  exactly  like  any  other  igneous 
intrusive.  Moreover  their  grain  is  not  peculiarly  coarse, 
though  (and  this  has  indeed  been  noted  by  Rominger  and 
Lawson  at  least,  as  well  as  myself)  the  feldspar  often  be-: 
comes  gradually  coarser  at  the  margin,  "porphyroidal"  or 
"porphyritic,"  than  farther  from  the  contact.  From  these 
facts  we  may  infer  that  there  was  a  very  considerable  dif- 
ference in  temperature  (conditions  of  consolidation)  between 
the  Keweenawan  and  the  "Laurentian"  and  also  that  the 
country  rock  was  nearer  the  consolidation  point  of  the  feld- 
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spar  than  the  "Laurentian"  granite  gneisses,  in  short  that 
at  the  time  of  intrusion  the  Keewatin  was  nearer  to  neltit^ 
than  the  "Laurentian"  to  consolidating,  I  do  not  bcliev« 
that  these  inferences  are  consistent  with  the  theory  th^t 
such  granites  are  a  softened  formation  immediately  under- 
lying Huronian,  Keewatin  or  Couchiching.  I  should  rather 
expect  that  such  softened  sediments  would  cool  witli  *. 
coarseness  of  grain  comparable  to  that  of  segregation  veins 
and  pegmatytes  in  so  far  as  the  same  was  not  broken  up  by 
shearing  and  flowage. 

Whether  I  am  right  in  this  particular  point,  however,  in 
general  or  not,  and  of  course  I  can  only  speak  with  any 
degree  of  assurance  for  the  few  contacts  I  have  personally 
examined,  it  seems  to  me  that  a  careful  study  of  the  varia- 
tion of  grain  will  assuredly  throw  light  on  this  difficult 
problem^  as  well  as  others. 
Lansing,  /an.6,   1905. 


QERARD    TROOar.* 


Gerard  Troost,  a  pupil  and  friend  of  Hauy  and  Werner, 
one  of  the  founders  and  the  first  president  of  the  Academy 
of  Natural  Sciences  of  Philadelphia,  professor  of  geology 
and  chemistry  in  the  University  of  Nashville,  ai.u  first  state 
geologist  of  Tennessee,  was  born  at  Bois-le-Duc,  Holland, 
March  IS,  1776,  and  died  in  Nashville,  Tenn.,  August  14, 
1850.  Though  his  parents  had  but  limited  means,  he  was 
educated  at  the  University  of  Leyden,  where  he  received 
the  degree  of  Doctor  of  Medicine,  and  at  the  University  of 
Amsterdam,  where  in  1801  he  received  the  degree  of  master 
in  pharmacy.  Much  of  his  time  was  devoted  to  chemistry 
and  natural  history  and  especially  to  the  then  infant  sciences 
of  geology  and  mineralogy. 

■  ThB  wtIMt  taaa  drkwn  quite  freelf  on  Dr.  PhlUp  Undsler'a  or&tlan 
on  ttaa  life  Uld  cbarAOter  of  Dr.  TrooBt.  Acknowlednmenta  for  Infor- 
matlon  and  AMtlaUnce  la  various  way*  are  also  srateluUr  made  to  Sx- 
OOT.  Jame*  £>.  Porter,  and  Mr.  Jno.  M.  Bau,  prealdent  and  secretary, 
reap«(itlv«Iy,  of  the  University  of  Naalirille;   to  Prof.   Cbarlea  Schuchert 

now  of  Tale;  to  Mr.  Chaa.   J.   Fox  of  the   Academy  of  Natural    f-" 

of  Philadelphia;  to  Mr.  LewlB  Stein  of  Spring     HIU,     Ala.;     f 
Jamea  U.   Bafford,   of   Dallas,   Tex. 
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Between  1801  and  1807,  Dr.  Troost  practiced  as  a  phar- 
macist, both  at  Amsterdam  and  at  the  Hague,  and  served  in 
the  army  first  as  a  private  soldier  and  later  as  an  officer  of 
health  of  the  first  class  and  during  his  ^ervi^e  was  wounded 
in  the  forehead  and  in  the  thigh.  The  work  of  a  pharmacist, 
it  should  be  remembered,  was  that  of  a  chemist  manufac- 
turing medicinal  preparations  and  required  a  much  fuller 
and  more  accurate  knowledge  of  chemistry,  botany  and 
zoology  than  would  be  necessary  for  the  mere  compound- 
ing of  prescriptions. 

He  had  by  this  time  attracted  the  attention  of  Louis 
Napoleon,  king  of  Holland,  and  was  sent  by  him  to  Paris 
to  continue  his  scientific  studies.  His  passport  bears  date  of 
July  1,  1807.  There  he  became  a  pupil  and  companion  pf 
Hauy,  the  celebrated  crystallographer  and  mineralogist,  and 
gained  that  knowledge  of  and  fondness  for  mineralogy  and 
crystallography  which  he  always  afterward  manifested  and 
which  led  his  associates  in  America  to  wonder  at  Ws  re- 
markable fidelity  in  remembering  the  exact  angles  of  known 
crystals  of  minerals  and  his  readily  distinguishing  rare  and 
remarkable  forms.  White  there  he  translated  into  Dutch 
Humboldt's  "Aspects  of  Nature"  and  established  thereby  a 
lifelong  friendship  with  the  author.  He  soon  became  at 
home  in  Paris,  familiar  with  its  language  and  acquainted  with 
its  leaders  of  scientific  thought.  At  some  time  between 
1807  and  1809,  Troost  traveled  widely  in  France,  Italy,  Switz- 
erland and  Germany  under  commission  from  the  king  of 
Holland  collecting,  by 'purchase,  for  him  a  large  and  valuable 
cabinet  of  minerals.  It  was  most  probably  during  his  trav- 
els for  this  purpose  in  Germany  that  he  sat  under  Werner's 
instruction  and  became  his  companion  in  excursions 
around  Freiberg.  Troost  often  referred  in  his  lectures  to 
incidents  of  his  travels  during  this  period  and  frequently 
spoke  of  Werner  in  warm  terms  of  appreciation.  No  refer- 
ence was  ever  made  by  him  to  his  having  traveled  in  Egypt 
and  no  authentication  of  the  statement  that  he  visited  that 
country  in  a  scientific  capacity  for  the  French  government  is 
obtainable.  It  seems  highly  improbable  that  such  a  trip  was 
ever  made. 

About  the  close  of  1809  Dr.  Troost  was  appointed  by 
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the  king  of  Holland  a  member  of  a  scientific  commission  to 
accompany  a  naval  expedition  to  Java.  The  English  block- 
ade prevented  the  sailing  of  the  Dutch  fleet,  and  the  attempt 
was  made  by  Dr.  Troost  to  reach  the  United  States  and  sail 
thence  to  the  East  Indies  under  our  flag.  He-  sailed  from  a 
German  port  in  an  American  vessel  bound  for  the  United 
States,  but  was  captured  by  a  French  privateer  and  carried 
as  a  prisoner  to  Dunkirk,  where  he  was  confined  until  his 
true  name  and  character  were  learned..  He  was  then  re- 
leased, and  proceeded  to  Paris.  ■  There  he  was  elected  a  cor- 
responding member  of  the  Museum  of  Natural  History  of 
France,  his  diploma  being  dated  March  21,  1810.  He  had 
'  secured,  however,  on  March  5,  a  passport  in  Paris  permit- 
ting him  to  sail  on  an  American  Ship  from  Rochelle  to  Phila- 
delphia, and  shortly  afterwards  departed  for  America. 

On  July  I,  1810.  Louis  Napoleon  abdicated  the  crown  of 
Holland,  and  on  July  10  that  country  was  incorporated  with 
the  French  empire.  In  the  following  year  Java  was  sur- 
rendered to  the_  British. 

Under  these  circumstances,  Dr.  Troost  abandoned  the 
expedition  to  the  East  Indies  and  reso4ved  to  remain  in  tbis 
country  and  become  an  American  citizen.  He  settled  in 
Philadelphia  and  soon  established  there  a  laboratory  for 
manufacturing  drugs  and  chemical  preparations. 

In  1812,  Dr.  Troost  became  one  of  the  founders  of  the 
Academy  of  Natural  Sciences  in  Philadelphia  and  was  elect- 
ed its  first  president,  a  position  he  held  until  1817,  when  he 
resigned  and  was  succeeded  by  Thomas  Say.  Soon  after 
the  founding  of  the  Academy,  when  the  members  made  dona- 
tions to  form  the  nucleus  of  a  museum.  Dr.  Troost  presented 
some  artificial  crystals  he  hpd  prepared.  Later,  he  gave  col- 
lections of  minerals  from  Pennsylvania  and  from  Maryland, 
and  a  number  of  other  things  of  scientific  interest  and  value. 
A  collection  of  minerals  purchased  from  Dr.  Seybert  came 
into  the  possession  of  the  Academy  on  August  15,  1812,  and 
soon  after  this  Dr.  Troost  delivered  a  course  of  lectures  on 
mineralogy  before  the  Academy.  This  was  perhaps  his  first 
formal  work  as  a  lecturer  or  teacher. 

In  181 1,  he  became  associated  with  others  in  the  manu- 
facture of  alum  from  the  pyritic  and  lignitic  Cretaceous  clays 
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found  at  cape  Sable  on  the  Magothy  river  in  Maryland, 
thus  establishing  the  first  alum  manufactory  in  the  United 
States.  He  later  removed  there  from  Philadelphia,  but  after 
a  few  years  the  failure  of  the  proprietors  involved  him  in 
heavy  financial  loss,  the  works  were  closed,  and  he  returned 
to  Philadelphia.  In  1821  he  was  appointed  professor  of  min- 
eralogy in  the  Philadelphia  museum  and  delivered  a  course 
of  public  lectures  on  tlie  subject.  At  about  the  same  time  he 
was  also  appointed  first  professor  of  chemistry  in  the  Phila- 
delphia College  of  Pharmacy.  He  delivered  one  course  of 
lectures  and  resigned  the  following  year.  During  this  last 
residence  in  Philadelphia  he  made  frequent  geological  excur- 
sions into  the  region  around  Philadelphia,  to  the  zinc  mines 
of  Sussex  County,  N.  J.,  and  to  Orange  County,  N.  Y.,  and 
elsewhere,  being  accompanied  at  times  by  Maclure,  Say,  Le- 
sueur,  and  Jackson. 

Between  1821  and  1825  he  made  for  the  Philadelphia 
Society  for  the  Promoting  of  Agriculture  a  geological  sur- 
vey of  the  environs  of  Philadelphia. 

In  1825,  along  with  Maclure,  Say,  Lesueur  and  others,  he 
removed  to  New  Harmony,  Indiana,  and  aided  in  forming  the 
communistic  colony  there  under  the  auspices  of  Robert 
Owen.  He  soon  became  dissatisfied  with  the  impracticable 
schemes  and  peculiar  social  arrangements  of  Owen,  and  re- 
moved with  his  family  and  scientific  collections  to  Nashville, 
Tenn.  During  his  stay  at  New  Harmony,  however,  he  made 
a  trip  into  southeast  Missouri  along  with  Lesueur  to  the  lead 
and  zinc  mines  of  that  state.  He  called  the  attention  of  the 
miners  there  to  the  true  nature  of  the  calamine  ore,  all  of 
which  they  had  previously  thrown  away  as  worthless. 

It  is  very  probable  that  Dr.  Troost  was  induced  to  move 
to  Nashville  by  Dr.  Philip  Lindsley,  the  president  of  the 
University  of  Nashville.  On  January  11,  1828,  he  adver- 
tised in  one  of  the  daily  papers  that  his  museum,  the  work 
of  twenty  years  collecting,  is  now  open  to  the  public,  and 
mentions  that  among  its  contents  are  over  400  species  of 
birds  from  the  island  of  Java  alone, — one  of  the  results,  no 
doubt,  of  the  interest  in  Java  aroused  by  his  attempted  ex- 
pedition to  tliat  island.  On  February  9.  1828,  he  was  elected 
professor  of  geology  and  mineralogy  in  the  University  of 
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Nashville.  Shortly  afterward  chemistry  and  natural  history 
were  a^ded  to  his  chair.  He  i^tained  this  position  until  his 
death. 

Or.  Troost  soon  began  to  make  geoto^cal  expeditions 
over  the  state  of  Tennessee,  ahd  in  an  address  delivered  be- 
fore the  legislature  on  October  19,  1831,  we  find  him  already, 
well  informed  regarding  many  of  the  state's  natural  re- 
sources. He  was  persuaded  to  communicate  his  findings  to 
the  legislature  that  steps  might  be  taken  for  their  further 
development.  As  a  consequence,  a  geological  survey  was 
authorized  and  he  was  appointed  geologist,  mineralogist  and 
assayer  for  the  State  on  December  2i,  1831.  This  position 
he  held  by  biennial  reappointment  until  it  was  abolished  by 
the  legislature  February  4,  1850.  His  salary  from  the  col- 
lege was  $1,000  per  year  and  from  the  State  $250  for  eac^ 
of  the  first  two  years  and  thereafter  $500  per  year,  but  ovft 
of  the  latter  he  paid  his  traveling  and  other  field  expensM- 
Well  might  the  Board  of  Trustees  of  the  University  of  Naiji- 
ville  vote,  as  it  did,  to  defray  his  funeral  expenses,  and  well 
might  the  State  of  Tennessee  resolve,  as  it  has  not  yet  done, 
to  place  a  suitable  stone  over  liis  unmarked  resting  pl^e. 

Physically,  Dr.  Troost  was  short  and  thick-set  with  a  dis- 
tinctly German,  but  pleasant  and  benevolent  physiognomy. 
His  dress  was  somewhat  careless,  and  in  his  old  age  his 
hair  was  white.  His  manners  were  kindly  and  courteous  and 
marked  by  unassuming  simplicity.  In  his  travels  over  the 
^tate  he  readily  won  the  friendship  and  regard  of  all  classes 
of  people  with  whom  he  came  in  contact.  In  his  speech  he 
retained  enough  of  his  native  Dutch  accent  to  render  his 
foreign  birth  apparent. 

As  a  college  professor,  he  seemed  always  provided  with 
a  storehouse  of  information  and  apt  illustration  and  would 
present  it  in  a  way  that  could  not  fail  to  interest.  He  would 
sometimes  start  to  examine  on  a  subject  and,  on  some  casual 
suggestion,  would  branch  off  into  a  lecture  instead  that 
would  be,  as  one  of  his  students  describes  it,  a  perfect  revela- 
tion. Many  of  his  students  regarded  their  contact  with  him 
as  the  most  valuable  experience  of  their  lives.  Though  usu* 
ally  affable  and  benign,  he  could  on  occasion  be  blunt  of 
speech  and  with  aroused  ire  administer  stern  rebuke.     Es- 
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pecially  indignant  did  he  become  at  any  species  of  scientific 
quackery-  or  ignorant  presumption. 

Though  a  hard  student,  he  was  not  a  recluse  but  was  a 
polished  man  of  the  world.  He  had  traveled  and  seen  much 
in  the  old  world  and  had  lived  among  the  savants  of  Paris 
and  mingled  on  easy  and  equal  terms  with  the  most  polished 
circles  of  the  city.  He  had  been  long  familiar  with  the  tone 
and  atmosphere  of  fashionable  society  and  never  lost  his 
fondness  for  the  endearments  of  social  life.  The  best  of 
husbands  and  fathers,  his  private  life  was  a  model  of  domes- 
tic happiness.  As  a  religionist,  he  belonged  to  the  denomin- 
ation known  in  Holland  as  Remonstrants  and  elsewhere  as 
Armenians. 

Dr.  Troost  was  a  scholar  as  well  as  a  savant  and  phil- 
osopher. He  was  well  acquainted  with  classic  and  general 
literature  and  was  master  of  several  languages,  ancient  and 
modern,  and  perhaps  there  were  but  few  works  in  Dutch, 
German,  French,  or  English  on  any  branch  of  natural  science 
that  he  had  not  read  or  examined.  Numerous  references 
in  his  writings  show  that  he  kept  up  with  the  times  and  pur- 
chased the  scientific  works  of  his  day  in  which  he  was  inter- 
ested as  fast  as  they  appeared.  His  library  is  described  as 
large  and  judiciously  selected  and  abounding  not  only  in  the 
standard  works  on  science  in  the  several  languages  above 
but  also  in  valuable  engravings,  prints,  and  lithographs.  So 
far  it  has  been  impossible  to  obtain  any  trace  of  his  library 
to-day.  It  was  not  purchased  by  the  city  of  Louisville,  Ky., 
as  has  been  reported.  One  supposition  is  that  while  stored 
in  the  basement  of  the  capitol  here  the  boxes  were  broken 
open  and  it  was  scattered  or  stolen  piecemeal.  Another  is 
that  along  with  much  other  material,  it  was  carted  out  by 
the  Federal  troops  when  they  took  Nashville  during  the  civil 
war  and  burned  in  order  to  make  room  for  a  mess  hall  in 
the  basement  of  the  capitol.  Almost  no  private  letters  or 
other  of  his  personal  effects  are  left.  The  manuscripts  ot 
one  or  two  of  his  geological-  reports  are  on  file  in  the  oflice 
of  the  secretary  of  state  and  the  state  library  has  one  or  two 
volumes  he  once  possessed. 

He  was  a  member,  active,  corresponding  or  honorary,  of 
a  large  number  of  scientific  societies  in  America  and  in  £u- 
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rope.  The  title  to  the  address  already  mentioned  as  deliv- 
ered before  the  legislature  of  Tennessee  as  a  plea  for  estab- 
lishing a  state  geological  survey  names  a  number  of  societies 
to  which  he  belonged  and  in  the  appended  bibliography  this 
title  is  given  in  full  in  order  to  preserve  this  list.  To  it  the 
writer  can  add  that  he  was  also  a  member  of  the  Geological 
Society  of  Pennsylvania,  the  Geological  Society  of  France 
and  the  Geological  Society  of  Germany.  In  addition  to 
membership  in  scientific  societies,  he  was  a  Mason  of  high 
degree. 

It  is  difficult  to  form  a  just  estimate  at  this  day  of  Dr. 
Troost'c  scientific  work,  largely  because  of  the  impossi- 
bility of  realizing  fully  the  conditions  under  which  he  labor- 
ed. There  was  very  little  scientific  work  being  done  any- 
where in  America  in  1811,  and  very  little  in  the  region  west 
of  the  Appalachian  mountains  between  1825  and  1850.  His 
studies  with  Hauy  and  his  early  occupation  in  America  as  a 
manufacturing  chemist  made  him  a  skillful  crystallographer 
and  mineralogist  and  his  earlier  scientific  investigations  and 
published  papers  evinced  his  great  interest  in  these  subjects. 
Although  later  in  life  his  attention  was  largely  turned  to 
natural  history,  paleontology  and  geology,  it  is  probable  that 
he  was  always  strongest  as  a  mineralogist,  though  his  mono- 
graph on  the  crinoids  of  Tennessee,  presently  to  be  noticed, 
would  if  published,  have  added  materially  to  his  prominence 
in  paleontology. 

His  interest  in  natural  history  which  had  already  led 
him  to  the  possession  in  1828  of  over  400  species  of  mounted 
birds  from  the  island  of  Java  alone,  increased  in  his  later  life, 
and  in  his  excursions  over  the  state  he  collected  natural 
history  specimens  as  eagerly  as  geological  ones.  He  be- 
came particularly  interested  in  reptilian  life,  and  snakes  es- 
pecially became  a  hobby  with  him.  He  usually  had  several 
pet  ones  around  his  room  and  frequently  carried  one  or  more 
in  his  pockets.  Students  who  took  him  a  rare  specimen  of 
a  snake  won  their  way  at  once  into  his  good  graces.  Feath- 
erstonhaugh  tells  of  Dr.  Troost's  traveling  on  top  of  a  stage 
coach  with  two  large  rattlesnakes  in  a  basket  when,  the 
cover  coming  unfastened,  their  peering  heads  caused  a  pre- 
cipitate scattering  of  driver  and  passengers  on  top  and  with- 
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in.  Not  in  the  least  disturbed,  Troost  removed  his  coat, 
tied  it  over  the  basket  and  sought  to  quiet  the  fears  of  his 
fellow  passengers  by  the  advice,  "Gendlemen,  only  don't  let 
dese  poor  dings  pite  you  unt  dey  won't  hoort  you." 

He  was  also  interested  in  ethnology  and  found  in  Ten- 
nessee a  most  excellent  field  in  which  to  collect  and  study 
the  relics  of  the  mound-builders  and  other  aborigines,  speci- 
mens of  whose  haodiwork  are  found  so  abundantly  and 
often  in  such  rare  and  interesting  forms  in  this  state. 

Some  of  the  rocks  of  Tennessee  are  highly  fossiliferous 
and  in  his  geological  work.  Dr.  Troost  had  abundant  oppor- 
tunity for  collecting  paleontological  material.  He  publish- 
ed a  number  of  articles  describing  tlie  new  species  found,  and 
lists  and  descriptions  of  fossils  were  added  to  several  of  his 
reports  as  state  geologist,  as  notably  the  fifth  report,  which 
is  often  referred  to  as  "Troost's  list." 

Shortly  after  becoming  state  geologist  he  projected  a 
translation  of  Goldfuss'  Petrtfactenkunde  and  arranged  to 
use  the  original  plates,  designing  to  add,  as  an  appendix,  de- 
scriptions and  plates  of  Tennessee  fossils.  Responses  to  the 
subscriptions  invited  were  too  few  to  justify  the  undertaking 
and,  the  State  having  declined  to  aid,  the  proposed  transla- 
tion was  reluctantly  abandoned. 

Dr.  Troost  became  especially  interested  in  the  crinoids 
yf  Tennessee  and  finished  only  a  short  time  before  his  death 
a  monograph  describing  and  figuring  107  species  of  them. 
This  was  submitted  to  the  State  as  an  appendix  to  his  tenth 
report  but  its  publication  by  the  State  was  declined.  It  was 
then  submitted  to  the  Smithsonian  Institution,  which  accept- 
ed it  and  referred  it  for  revision  to  a  committee  consisting 
of  Prof.  Louis  Agassiz  and  Prof.  James  Hall.  The  manu- 
script was  received  by  the  Smithsonian  Institution  July  18, 
1850.  and  was  carried  to  Albany  by  Dr.  James  M.  Safford, 
along  with  the  specimens  «nd  placed  in  the  hands  of  professor 
Hall,  who  sent  them  to  professor  Agassiz  for  revision.  The 
subsequent  unfortunate  history  of  this  work  of  Dr.  Troost 
may  be  best  given  by  quoting  from  professor  Charles  Schuch- 
ert's  paper  "On  Siluric  and  Devonic  Cystidea  and  Camaro- 
crinus."* 

•  Smlthaonlui   Ulao.    ColL,   Quart,  laaaa,  toL  S,  pp.  2S0  anil  m,  IWt. 
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"After  tbe  paper  lud  remalmed  imrevlsed  by  Ag>>ag1«  for  Ats 
rears,  tbe  numuacript  wu  turned  over  to  H«ll  and  on  tbe  corer 
tbe  latter  wrote,  'receiTed  from  Prof.  Agauli  In  Cambrldee,  Auguat 
23d,  1855.  James  HalL'  Uany  years  later  Meek  made  enqnlrles 
at  tbe  Smltbaonlan  Institution  regarding  thla  work  and  received 
tbe  following  reply: 

"Waahlngton,  D.  C  July  21.  1868. 

"My  Dear  Ur.  Meek: 

"I  can  tell  you  nothing  about  present  condition  of  Troost's 
paper  or  wbat  Prof.  Hall  has  done  or  will  do  witb  It  Nor  does 
Prof.  Henry  remember  anytblng  of  any  plan  or  arrangement.  We 
bare  publisbed  nothing  and  know  of  no  publication. 

Sincerely  yours, 
P^  B.  Meek.  *        "  S.  F.  BAIRD. 

Springfield,  111." 

"Troost's  manuscript  and  fossils  remained  in  professor  Hall's 
possession  for  more  than  forty  years  and  the  matter  was  lost  eight 
of  by  tbe  Smithsonian  authorities.  After  professor  Hall's  death. 
the  writer  called  tbe  attention  af  the  National  Museum  authorities 
to  Troost's  manuscript  and  fo-..slls  still  remaining;  at  Albany,  and 
finally  in  tbe  month  of  November,  1898,  the  acting  administrator 
of  tbe  Hall  estate  returned  to  Washington  294  specimens  and  the 
manuscript  and  drawings  for  107  species.  The  specimens  for  17 
species  are  still  missing.  In  tbe  Annual  Report  of  tbe  National 
Museum  for  1S99,  p.  39,  is  the  foUowiog  statement: 

"As  a  matter  of  historical  Interest,  it  may  be  noted  that  the 
Troost  collection  of  crlnoidea.  which,  together  with  tbe  manuscript 
describing  them  and  the  drawings  for  107  species,  was  sent  by  the 
Smithsonian  Institution  to  professor  James  Hall  In  1863,  was  re- 
turned last  November  by  the  administrator  of  the  Hall  estate." 

"This  work  with  very  little  revision  could  well'have  been  pub- 
lished in  18S0  and  most  of  Troost's  species  would  have  been  saved 
to  him.  .  However,  as  it  was  and  still  is  tbe  custom  of  the  Smith- 
sonian Institution  to  refer  all  manuscripts  submitted  for  publication 
to  a  committee  of  spectallata  for  advice.  It  Is  very  unfortunate  that 
the  work  was  thus  allowed  to  fall  Into  neglect.  Since  1850  most 
of  the  species  have  been  described,  mainly  by  Hall,  but  what  are 
left  of  new  species  will  in  the  near  future  be  revived.  The  blas- 
tolds  have  recently  been  reworked  by  Hambach  (Trans.  St.  Louli 
Acad.  Sci.,  1904),  and  the  only  cystld  Is  described  In  this  paper." 

This  more  than  mere  neglect  of  James  Hall  in  keeping 
Troost's  manuscript  and  specimens  in  his  possession  over 
forty  years  while  he  described  from  time  to  time  under 
his  own  name  first  one  and  then  another  of  Troost's  species 
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as  they  came  to  his  hands  from  other  sources  has  worked  an 
injustice  to  Troost  that  cannot  now  be  remedied.  It  cannot 
now  be  known  whether  Hall  was  prompted  to  act  as  he  did 
simply  by  the  desire  to  take  for  himself  the  credit  of  describ- 
ing the  new  species  or  was  prompted  by  some  personal  feel- 
ing toward  Troost  since  the  latter,  as  was  welt  known  then, 
strongly  deprecated  Hall's  custom  of  giving  local  names  to 
geological  formations  and  refused  to  use  these  names  for  the 
same  formations  as  they  occurred  in  Tennessee,  The  Smith- 
sonian Institution  has  promised  through  Prof.  Schuchert  as 
above  quoted,  to  render  what  partial  reparation  is  now  pos- 
sible by  the  early  revision  and  publication  of  the  memoir. 

Dr.  Troost's  museum  was  a  notable  one  for  its  time. 
Some  years  before  his  death  he  disposed  of  his  collections 
in  comparative  anatomy  and  sent  to  Europe  his  material 
in  zoology  and  botany.  At  his  death  it  contained  13,582 
specimens  of  minerals,  2,851  in  paleontology,  between  2,000 
and  3,000  rocks,  shells — not  numbered,  and  many  Indian 
dresses,  ornaments,  weapons,  and  relics  from  mounds.  Un- 
successful efforts  were  made  to  have  it  purchased  for  the 
University  of  Nashville,  then  by  the  city  of  Nashville,  and 
later  by  the  State.  It  was  finally  sold  in  1874  to  the  trus- 
tees of  the  public  library  of  Kentucky  after  examination  and 
recommendation  by  Dr.  J.  Lawrence  Smith  and  Dr.  Yandell. 
The  $20,500  paid  for  it  was  raised  by  five  lottery  drawings, 
the  "little  sin  in  the  matter  of  the  thing"  being  excused,  as 
the  public  library  paper  of  Louisville  said,  by  the  great  good 
growing  out  of  it.  The  collection  is  at  present  housed  in 
the  library's  building  in  Louisville,  Ky. 

The  writer  understands  that  Dr.  J.  Lawrence  Smith 
ater  secured  the  meteorites  in  the  collection  from  the  trus- 
ees  of  the  library. 

As  a  geologist.  Dr.  Troost  had  done  considerable  work 
tn  the  region  accessible  from  Philadelphia  while  ^  resident 
^here. 

Along  with  Lesueur  he  first  pointed  out  to  the  miners  in 
Missouri  the  true  nature  of  calamine  and  discovered  the 
existence  of  cobalt  ore  there.  He  early  delimited  the  coal 
area  of  Tennessee  and  directed  attention  in  his  various  re- 
ports to  many  of  the  mineral  resources  of  the  state  that 
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were  either  undiscovered  or  undeveloped.  It  is  impos^ble 
at  this  late  day  to  determine  the. extent  to  wliich  the  State 
has  been  benefited  by  his  work. 

Dr.  Troost  was  the  first  to  call  attention  to  the  de- 
posits of  marble  in  east  Tennessee  whose  develt^ment  has 
become  so  important  an  industry,  and  if  this  had  been  the 
only  result  of  his  work  the  state  would  have  been  amply 
repaid  for  all  of  the  expenditures  incurred  in  the  surrey. 

Although  Dr.  Troost  soon  obtained  a  good  knowledge 
of  the  geology  of  Tennessee,  he  never  succeeded  in  unravel- 
ing the  complicated  structure  of  the  eastern  part  of  the  state. 
In  his  illustrated  sections  across  the  state  he  represented  the 
folded  and  faulted  beds  of  east  Tennessee  as  a  continuous 
series  from  the  North  Carolina  line  westward,  dipping  at  a 
uniform,  steep  angle  westward  beneath  the  Cumberland 
plateau  and  never  reappearing  in  middle  Tennessee  as  they 
are  known  to  do,  though  in  his  later  reports  he  recognizes 
the  rocks  of  middle  Tennessee  as  Silurian. 

He  was  wedded  to  the  old  European  classification  and 
although  he  at  last  came  to  use  the  terms  Cambrian  and 
Silurian  instead  of  grauwacke,  he  deprecated  the  day  when 
each  state  might  have  its  own  peculiar  set  of  geological 
names  based  on  local  terms  and  was  hardly  willing  to  admit 
that  there  was  any  merit  in  the  New  York  system. 

The  results  of  Dr.  Troost's  work  as  state  geologist 
were  embodied  in  ten  reports  made  to  the  legislature.  Sev- 
eral of  these  reports  were  never  published  and  those  that 
were  published  are  rarely  found  to-day.  There  is  much 
ignorance  concerning  certain  of  them. 

The  address  delivered  to  the  legislature  on  October  i6. 
183 1,  is  generally  regarded  as  the  first  report  and  is  even 
catalogued  as  such  whereas  it  was  really  a  plea  for  the  estab- 
lishment of  a  survey.  The  first  report  was  presented  at  the 
called  session  of  the  legislature  in  1832  and  read  in  the 
House  on  September  18,  1832,*  but  failed  to  be  ordered* 
printed.  It  contained  a  general  account  of  the  more  promi- 
nent geological  features  of  the  state  so  far  as  then  known  to 
Dr.  Troost  and  a  particular  description  of  Davidson  county 
in  which  Nashville  is  situated  and  outlined  the  extent  of  the 

•  House  Jour.,  Called  Sen.  of  ISSi,  p  40. 
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coal  formations  of  the  state.  It  may  have  also  included  a' 
description  of  parts  of  some  of  the  adjacent  counties,  in- 
cluded in  the  second  report.  An  extract  from  this  first  re* 
port  may  be  found  in  the  transactions  of  the  Geological 
Society  of  Pennsylvania,  vol.  i,  pp.  240-243. 

The  second  report  was  presented  at  the  regular  session 
of  the  legislature  in  1833  and  each  succeeding  report  was 
presented  at  the  biennial  sessions  which  followed  until  the 
tenth  and  last  had  been  made  in  1849.  ^^  second  report 
embodied  the  results  given  in  the  first  report  along  with 
those  obtained  clurtng  the  second.  This  report  was  referred 
to  a  committee  which  recommended  that  since  it  was  not 
like  the  usual  legislative  document  a  brief  summary  pre- 
pared by  them  be  published  instead.  Since  the  writer  lias 
had  numerous  enquiries  for  this  report*  it  is  presented  here, 
and  reads  as  follows : 

"Mr.  NlcbolBon  frotD  the  select  committee  on*  statistlca,  mad* 
a  detailed  report  In  writing,  which  was  read  at  the  clerk's  table 
as  follows,  to-wlt: 

The  committee  have  examined  the  report  made  to  this  house 
by  the  Qeologtst,  and  are  convinced  that  It  contains  valuable  In- 
formation to  the  cltlxens  at  the  state.  Its  length,  howsrer,  In  th« 
opinion  of  the  committee,  will  prev«nt  such  a  careful  perusal  by 
the  members  of  the  legislature  as  Its  Importance  demands,  and  on 
that  account  the  committee  thought  they  would  best  subserve  th« 
interests  of  the  State  b;  giving  a  brief  analysis  of  the  contents 
of  the  report. 

AHALVSIS  0/  the  Geologicfd  description  ofDavidaoa,  WiHiamaoa 
aod  M^ary  counties,  accompa-oied  hj  a  Geological  Map,  and  Sectioaaot 
StratiScatioa,  bj  Dr.  G.  Trooat,  Geologist  of  the  State  ofTeaanaee: 

"After  having  sketched  In  an  Interesting  preface  the  la^rs 
and  the  enjoyments  of  the  naturalist  who  Investigates  the  structure 
of  the  crust  of  the  globe  he  inhabits,  and  after  having  examined 
the  first  causes  wlilcb  have  advanced  man  to  his  present  state,  I>r. 
Troost  describes  the  astonishing  progress  which  the  science  of 
geology  has  made  during  the  present  generation.    He  says: 

"Its  principal  founders  and  innovators  have  not  yet  all  left 
the  stage  of  t&ls  life.  In  onr  new  and  tiappy  country.  Its  votaries 
are  not  only  vastly  Increasing,  but  they  find  protectors  and  en- 
couragement from  our  first  and  most  eminent  men.  Several  of  our 
legislatures,  convinced  of  the  utility  of  geological  examinations, 
liave  appointed  persons  to  Investigate  the  structure  and  mineral 
■  House  Jour,  for  IM,  pp.  Wt-Mt. 
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r«aouroea  ot  their  respective  BtateB;  tbe  legislature  of  Teaaeseee 
wu  among  tlie  first  that  have  dlstlnpilshed  themselTes  as  the 
patrons  ot  this  science." 

"Before  he  proceeds  to  give  a  regular  vleir  <d  the  geology  of 
the  counties  of  Davidson,  WUUamsoa  and  Maary,  he  gives  a  gen- 
eral outline  of  the  geology  of  the  greatest  portion  of  the  state. 
From  tble  outline  the  committee  learn  that  we  may  count  several 
series  or  formations  of  rocks  In  the  state  of  Tennessee.  He  con- 
siders that  part  which  Is  beyond  the  eastern  declivity  of  the  Cum- 
berland mountain,  as  belonging  to  what  geologists  term  the  Srat 
'  anaition  ot  ^ray  Traeke  forniation.  The  greater  part  of  the  Cum- 
berland mountain  he  considered  as  belonging  to  the  eoal  ferms- 
^ons,  of  which  he  has  given  the  extent  in  the  report  already  made 
and  read  to  the  House.  This  coal  formation  rests  on  a  series  ot 
strata  of  oSlitic  limestone.  This  o51yte  series  covers  the  limestone 
strata  whicb  prevail  In  the  three  counties  mentioned.  These  lime- 
stone strata  are  covered  with  a  series  of  agrlllaceons  and  siliceous 
strata,  in  which  our  rich  deposits  of  iron  are  found,  and  whicb 
again  are  covered  towards  the  western  part  of  Tennessee  with  the 
Thiatyary  Isle]  formations. 

"After  having  given  this  precursory  view  of  the  geology  of  the 
state.  Dr.  Trooat  gives  a  detailed  description  of  the  geology  of  the 
three  counties  before  mentioned.  He  describes  with  much  pre- 
cision, the  different  strata,  their  accidental  minerals,  among  which 
he  enumerates  several  varieties  of  pleater-sttlphate  of  barytts.  and 
itroatiaa  and  their  metallic  deposits.  The  part  of  the  descriptloii, 
now  before  the  committee, '  contains  only  one  description  of  such 
metallic  deposit,  vii.:  that  6f  a  vein  of  lead,  which  promiseB  to  be 
advantageous  to  its  proprietor.  He  is  also  very  particular  tn  de- 
scribing What  he  calls  the  Sandstone  strata,  which  covers  the  lime- 
stone. But,  as,  according  to  the  opinions  of  the  most  distinguished 
geologists,  the  relative  age  of  the  variboB  strata  can  be  determined 
only  from  the  Imbedded  organic  remains  of  the  relics  of  successive 
generatlone  of  aalmala  and  plants,  and  as  experience  has  taught 
that  the  metallic  deposits  differ  according  to  the  age  of  the  strata, 
so  for  instance.  Tin  la  only  found  in  the  oldest  or  lower  strata  and 
never  was  found  In  the  newer,  so  the  doctor  has  described,  with 
inuch  exactness,  these  remains.  In  an  appendix  to  bis  labors,  he 
has  described  about  60  species,  of  which  there  are  many  that  were 
not  described  before,  and  most  of  them  were  not  known  to  exist 
in  our  country. 

"The  committee  learn  from  the  report  of  Dr.  Troost  that  he 
has  commenced  an  analysis  of  the  various  soils,  and  that  It  Is  bis 
object  to  add  to  his  work  an  agricultural  and  chemical  description 
of  the  nature  of  the  different  soils.  When  this  object  shall  hare 
been  attained,  the  committee  believe  that  the  description  of  these 
coantles  will  be  complete,  and  when  the  whole  state  shall  have 
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beeu  deBciibed  In  the  same  manner,  tbe  committee  believe  tbe 
wbole  work  irlll  conetltnte  a  book  that  vlll  be  nsetul  to  the  State; 
and  partlcularlr  useful  kb  a  guide  for  the  atndy  cX  geology,  which 
eclence  Is  now  Uugbt  In  the  Unlrerslty  of  NaehvlUe  and  several 
other  colleges. 

"The  committee  consider  the  memoir  of  Dr.Troost  as  highly 
worthy  of  publication,  but  as  the  production  1b  not  of  a  character 
tflmllar  to  the  generality  of  the  legal  documents  whicb  have  been 
presented  to  the  legislature,  It  being  accompanied  with  a  map  and 
^x>flles  of  stratification  which  cannot  be  executed  in  this  state, 
the  committee  deem  It  advisable  to  leave  the  publtoatlon  to  be 
conducted  by  the  author  himself." 

In  searching  the  manuscript  legislative  records  in  the 
office  of  the  secretary  of  state,  the  following  document  was 
found.  It  is  not,  as  its  title  would  indicate,  the  second  re- 
port but  a  partial  summary  accompanying  the  report  which 
is  itself  not  on  file.  Along  with  the  legislative  committee's 
analysis  above,  it  gives  a  good  idea  of  the  contents  of  this 
unpublished  second  report.  His  observations  on  the  soils 
of  the  three  counties  examined  are  appended  to  his  third 
report  and  the  geological  map,  perhaps  further  improved, 
is  contained  in  his  seventh  report.  The  document  is  as  fol- 
lows : 

Annnal  report  otG.  Troogt,  geologist  aad  aaa&yer  of  the  State  ol  Teaa- 
esaee  for  the  year  1833. 
"I  beg  leane  to  lay  before  your  honorable  body  an  account  of 
my  labours  as  geologist,  etc.  of  the  state.  The  adjoined  pages 
and  map  contain  the  geological  description  and  a  dsllneatlon  o( 
Davidson,  WUIIamson  and  Maury  counties.  Nothing  Is  as  yet 
known  of  the  geology  of  the  Interior  of  North  America.  I  have 
therefore  endeavored  to  describe  minutely  tbe  various  strata  which 
I  have  been  able  to  examine  in  the  three  counties.  I  have  accurate- 
ly described  the  accidental  substances  and  organic  remains  Im- 
bedded In  tbe  limestone  and  sandstone.  To  exhibit  to  the  learned 
world  our  true  geological  position.  I  was  forced  to  enter,  in  de- 
scribing these  accidental  substances,  Into  long  details,  particularly 
respecting  the  organic  remains,  which  are  considered  as  charac- 
terizing the  strata.  My  labour  In  this  respect  is  not  yet  complete 
—the  number  of  organic  remains  which  I  have  collected  In  my 
excursions  is  so  great,  that  I  was  not  able  properly  to  examine  and 
describe  them  all.  My  Intention  la  to  render  that  part  of  my  re- 
search ai  complete  as  may  be  in  my  power,  a  description  of  our 
fossils  being  a  great  desideratum  for  the  European  geologists.    It 
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Is  also  necessary  In  order  to  make  this  part  properly  underBtood 
that  when  published.  It  should  be  elucidated  by  representations  of 
those  which  never  have  been  described,  and  having  been  disap- 
pointed In  my  expectations  of  having  them  engraved  vay  labours 
are  also  imperfect  in  that  respect. 

"In  describing  the  accidental  minerals  occurring  in  the  strata, 
I  speak  of  their  metallic  deposits.  I  bave  been  particular  In  exam- 
ining all  places  where  any  traces  of  them  did  make  their  appeal^ 
ance  and  have  given  my  opinion  as  to  the  probable  extent  of  these 
valuable  materials  which  must  eventually  form  one  of  the  sources 
of  our  prosperity. 

"Next  In  consideration  comes  the  nature  of  the  soil,  after  hav- 
ing pointed  out  its  probable  origin,  whether  produced  by  an  alluvion 
deposited  by  rivers  actually  existing,  or  by  an  old  alluvion,  de- 
posited by  other  causes;  or  merely  by  the  disintegration  of  the 
rocks.  I  Investigated  its  chemical  composition,  and  Its  fitness  for 
various  agricultural  purposes.  I  collected  therefor  all  the  Infor- 
mation I  could  from  our  experienced 'agriculturalists,  situated  on 
the  different  boHb  and  ascertained  the  quality  and  quantity  of  their 
various  crops.  I  have  In  this  respect  for  the  present,  made  only 
a  few  analyses  and  collected  as  yet  only  a  few  notes  which  are  not 
yet  arranged  but  will  be  ready  for  publication.  The  knowledge  of 
the  nature  of  our  soil  cannot  be  otherwise  than  Interesting  to  the 
Immigrating  part  of  our  Inhabitants,  therefore  although  that  part 
does  not  belong  to  geology  properly  speaking,  I  have  thought  it  of 
too  great  importance  to  omit  it. 

"My  excursions  during  the  spring  of  this  year  have  been  to- 
ward the  northeast  as  far  as  Abingdon  In  Virginia.  I  wanted  to 
become  acquainted  with  the  formation  of  that  part  of  the  country 
so  rich  In  salt  and  plaster  in  order  to  see  whether  It  extends  Into 
our  state  or  wbettaer  similar  formations  though  not  connected 
with  that  of  Virginia  obtain  in  Tennessee;  as  to  the  first  part  of 
these  inquiries  I  am  convinced  of  the  negative  and  the  second  must 
be  ascertained  by  future  investigations. 

"In  that  excursion  I  crossed  the  coal  formation  of  our  state  in 
another  direction  than  I  had  done  In  my  former  excursions,  and  I 
am  now  convinced  that  it  Is  very  extensive. 

"Although*  I  am  still  ignorant  of  all  the  geological  details  of 
the  coal  strata,  which  I  will  investigate  when  1  shall  survey  each 
county  separately,  I  am  nevertheless  prepared  to  say  that  the 
coal  formation  makes  its  appearance  In  the  southern  extremity  of 
the  Cumberland  mountains  where  It  crops  out  near  the  Tennessee 
river  In  both  ridges  which  enclose  the  Sequatchy  valley.  It  runs 
tbence  in  a  northern  direction  to  the  east  of  the  Crab  Orchard 
mountain  where  It  Is  associated  with  excellent  Iron  ore.  Continu- 
ing in  the  direction  of  the  mountain  towards  the  east  ajid  north, 
or  rather  following  the  right  bank  of  Obiers  river.  It  crops  out  at 
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MTeral  places,  as  at  Hlolopen  Id  Overtcm  and  also  FentreHs  counties 
where  the  coal  formatioa  seeniB  to  have  Its  greater  extent,  nin- 
nlsg  easterly  through  Campbell,  Morgan  and  perhaps  Anderson 
counties  as  far  as  the  eastern  decUvttr  of  the  Cumberland  monn- 
tains,  where  again  it  crops  out  at  several  places.  In  fact  wherever 
tbe  sandBtone  forms  the  upper  stratum  In  these  counties  coal  may 
be  found  by  boring. 

"This  excuTskxi  has  convinced  me  still  more  of  the  mineral 
richness  of  the  eastern  part  of  our  state.  In  Clayborne  county  be- 
tween Clinch  and  Powell's  rivers  is  a  vein  of  cine  and  lead  ores. 
The  finest  marbles  abound  everywhere.  Carter  and  Waehington 
counties  are  rich  In  metallic  deposits  and  several  Iron  works  are 
tn  operation. 

"In  a  former  excursion  I  ascertained  the  general  geological 
features  of  the  weHtem  part  of  this  state.  As  the  autumn  is  bet- 
ter calculated  to  travel  through  this  part,  I  shall  examine  some 
parts  of  It  more  minutely  during  the  months  of  October  and 
November  of  this  year  and  again  take  the  spring  for  east  and  mid- 
dle Tenneesee. 

"Although  I  have  collected  a  large  number  of  geological  facts 
relating  to  the  different  parts  which  I  have  visited,  I  am  never- 
thelees  not  yet  ready  to  report.  It  requires  in  order  to  do  this  a 
more  minute  examination  than  I  have  been  able  to  bestow  upon  It, 
and  this  will  form  the  subject  of  a  subsequent  report. 

"If  the  subjoined  descriptions  be  considered  by  your  honorable 
body  worthy  of  publication,  I  shall  wish  to  have  the  manage- 
ment of  It  myself,  as  it  will  be  necessary  to  have  the  map  en- 
graved and  the  proofs  properly  corrected — besides  several  addi- 
tions are  yet  to  be  made,  before  It  is  fit  to  appear  before  the  public. 
As  I  have  mentioned  above,  notes  on  the  nature  of  the  soil  are 
wanting,  some  of  these  analysis  are  still  to  be  performed  and  I 
may  yet  be  able  to  add  a  few  more  descriptions  of  our  fosalls  or 
some  other  natural  production  of  our  state." 

The  third  report  describes  the  extent  of  the  coal  fields 
in  the  state,  discusses  the  marl  now  known  as  the  rotten 
limestone,  and  the  soils  of  the  state  and  concludes  with  a 
brief  notice  of  iron  furnaces  and  iron  ores.  There  is  sub- 
joined from  the  unpublished  second  report  the  result  of  the 
investigations  of  the  soils  of  Davidson,  Williamson  and 
Maury  counties. 

The  fourth  report  opens  with  an  exposition  of  the 
principles  of  geology  and  a  brief  description  of  the  rocks 
characteristic  of  each  of  the  divisions  from  primordial  to 
Tertiary.     The  report  proper  describes  the  Ocoee  district 
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which  he  had  been  instructed  by  the  legislature  to  examine. 
He  calls  attention  to  the  roofing  slates  of  east  Tennessee 
and  describes  the  search  for  placer  gold  then  carried  on  in 
a  few  places  in  the  Ocoee  region  with  indifferent  success. 
He  suggests  that  the  Tennessee  river  once  cut  across 
Walden's  ridge  and  flowed  down  the  Sequatchie  valley.  In 
a  note  there  is  added  a  list  of  the  fossils  he  had  found  in  the 
mountain  limestone  of  the  state. 

In  his  fifth  report.  Dr.  Troost  gives  in  some  detail  a 
general  description  of  the  geology  of  the  whole  state,  and 
continues  his  account  of  the  soil  and  mineral  resources  of 
the  counties  by  a  description  of  Cocke  county  in  which  much 
attention  is  given  to  the  iron  ores.  Iron  furnaces  and  iron 
ore,  elsewhere  are  noticed  briefly  and  mention  is  made  of 
silver  ore  and  mineral  waters.  In  an  appendix  ii6  spedes 
of  fossils  are  listed  and  a  number  of  them,  especially  the  aew 
species,  are  described  at  some  length. 

In  the  sixth  report  the  general  geology  of  middle  and 
east  Tennessee  is  redescribed  in  the  light  of  the  work  of 
Sedgwick  and  Murchison  and  the  terms  Cambrian  and 
Silurian  substituted  for  grauwacke.  The  rocks  of  middle 
Tennessee  are  referred  to  the  Silurian  and  the  fossils  found 
in  them  are  listed  and  some  of  them  described,  A  descrip- 
tion of  Sevier  county  is  given  and  attention  is  called  to  its 
roofing  slate. 

The  seventh  report  gives  a  detailed  description  of  the 
geology  of  Davidson  county  with  numerous  references  to 
the  occurrences  of  the  same  strata  in  adjoining  counties.  An 
account  is  given  of  the  greensand  of  McNairy  and  adjoining 
counties  and  a  hst  of  the  reptiles  and  of  the  fresh  water 
shells  of  the  state  is  added.  In  a  supplement  a  brief  account 
is  given  of  the  lead  and  zinc  ores  of  east  Tennessee. 

The  eighth  report  describes  several  routes  by  which  a 
railroad  from  Nashville  to  Chattanooga  could  be  constructed 
and  directs  attention  to  the  coal,  iron  and  limestone  of  the 
region  that  would  be  traversed  by  the  road.  In  obedience 
to  a  resolution  of  the  legislature  a  report  on  the  marble,  or 
rather  limestone,  of  Caney  fork  is  added. 

The  first  part  of  the  ninth  report  contains  a  description 
of  Jefferson  county  and  the  second  part  gives  an  account 
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of  the  zinc  ores  of  the  state,  and  describes  the  methods  of 
reducing  them  and  of  manufacturing  brass. 

The  tenth  report  was  presented  to  the  House  on  Jan- 
uary 12,  1850"  and  seventy-five  copies  were  ordered  to  be 
printed  for  the  use  of  the  House.  No  edition  was  ever  pub- 
lished and  neither  the  manuscript  copy  nor  any  of  the  copies 
printed  for  the  House  can  now  be  found.  Dr.  Troost's 
monograph  on  the  Crinoidea  was  also  submitted  to  the 
legislature  at  the  same  time  and  a  memorial  praying  aid  in 
its  pubhcation  was  introduced  but  was  defeated.  The  report 
itself  was  very  probably  brief  since  the  American  Journal  of 
Science  in  noticing  it  mentions  only  the  monograph  on  crin- 
oids.  Its  information  was  derived  from  a  letter  from  Dr. 
Troost  himself. 

The  nature  and  variety  of  Dr.  Troost's  other  writings 
may  be  gathered  best  from  the  appended  bibliography,  which 
has  been  made  as  complete  as  possible,  especially  as  regards 
his  geological  reports. 

A  few  family  data  may  be  added.  Dr.  Troost  was  a 
son  of  Everhard  Joseph  Troost  and  Anna  Cornelia  van 
Haeck.  On  January  14,  181 1  he  married  Margaret  Tage 
who  was  born  in  Philadelphia  September  12,  1790.  Their 
children  were  Caroline,  born  in  Philadelphia,  December  6, 
181 1,  and  Lewis  born  at  Cape  Sable,  Md..  May  26.  1818.  His 
wife  died  at  Cape  Sable,  Md.,  August  3,  1819.  His  second 
wife,  Mrs.  O'Reilly  of  Philadelphia,  survived  him  a  number 
of  years.  He  had  a  brother,  Dr.  Benoit  Troost.  some  years 
his  junior,  who  lived  in  Kansas  City,  Mo.  His  son  Lewis 
has  left  one  child,  a  Mrs.  Parker,  living  in  or  near  Mobile, 
Ala.  His  daughter  Caroline  married  Albert  Stein.  They 
removed  to  Mobile,  Ala.,  and  Mr.  Lewis  Stein  of  Spring  Hill, 
Ala.  is  one  of  their  descendants. 

He  sleeps  in  an  unmarked  and  neglected  grave  in  an 
obscure  corner  of  the  old  city  cemetery  of  Nashville.  The 
State  will  be  asked  at  the  coming  session  of  the  legislature 
to  place  an  appropriate  marker  over  his  grave  and  thus 
rescue  from  oblivion  the  last  resting  place  of  one  who  gave 
much  of  his  time  and  skill  to  the  service  of  the  State  in 
making  known  the  existence  or  extent  of  natural  resources 
•  House  Jdur.  for  18*»-"B0,  p.  ESS. 
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whose  later  development  has  brought  wealth  and  prosper- 
ity to  their  fortunate  possessors.  The  portrait  herewith 
reproduced  is  from  a  portrait  in  oil  belonging  to  the  Ten- 
nessee Historical  Society. 

BmUOOBAPHT. 

1807 — 1809.  [TranelatloD  of  Humboldt's  Aflp«cta  ot  Nature 
Into  Dutch.] 

1821.  Description  of  eome  new  crystalline  fomiB  ot  the  miner- 
als of  the  United  States.  Phlla.  Acad.  Nat  Scl.,  Jour.,  vol.  2,  pp. 
5S-58.  1S21. 

1821.  Description  of  a  variety  o(  Amber  and  of  a  Fossil  Sub- 
stance supposed  to  be  the  nest  of  an  Insect  discovered  at  Cape 
Sable,  Magotby  Biver,  Auoe-AruD^el  County,  Maryland.  Amer. 
Jour.  Scl.,  vol.  3,  pp.  8-15,  1821.  Gilbert,  AnnaU  20,  pp.  S9T-304. 
1S2Z;  SchvelEE«r,  Jour.,  34,  (=Jahrb.  4),  pp.  434-439,  1SZ2. 

1822.  Description  of  some  cryst^s  of  sulphate  ot  Stnmtian, 
from  Lake  Erie.  Phila.  Acad.  Nat.  Scl..  Jour.  vol.  2,  pp.  300-302, 
ISZZ. 

1822.  Description  of  a  new  crystalline  form  ot  Quartz.  PMIa., 
Acad.  Nat.  Set.,  Jour.  vol.  2.  pp.  21^214,  1822. 

1S23.  Account  of  the  Pyroxene  of  the  United  States  and  de- 
scriptions of  some  new  varieties  of  Its  crystalline  forms.  Phlla., 
Acad.  Nat.  Scl.,  Jour.,  vol.  3,  pp.  105-124,  1823. 

1823.  Notice  of  the  Yenite  of  Rhode  Island,  and  several  other 
American  minerals.  Phlla.,  Acad.  Nat.  3cl.,  Jour.,  vt>l.  3.  pp.  222- 
224.   1S23. 

1824.  Description  of  the  American  Petalite  from  Lake  Ontario. 
Phlla..  Acad.  Nat  Scl-  Jour.,  vol.  3,  pp.  234-237,  1824. 

1824.  Description  ot  a  new  crystalline  form  of  the  Chrysoberyl. 
Phlla.,  Acad.  Nat.  Sci.,  Jour.,  vol.  3.  pp.  293-295,  1824. 

1824.  Description  of  a  new  crystalline  form  of  the  Andalnstte. 
Phlla.,  Acad.  Nat.  Scl.,  Jour.,  vol.  4,  pp.   122-123,  1824. 

1825.  Observations  on  the  zinc  ores  ot  Franklin  and  Sterling, 
Sussex  County.  New  Jersey.  Phlla.,  Acad.  Nat.  ScL,  Jour.,  vol.  4, 
pp.  220-231,  1825. 

1S25.  Description  of  a  new  crystalline  form  of  Apophylllte, 
Laumontlte,  and  Amphlbole,  and  of  a.  variety  of  Pearlstone.  PUla., 
Acad.  Nat  Scl.,  Jour.,  vol.  5.  pp.  51-56,  1826. 

1S25.  Description  and  chemical  analysis  of  the  Retlnasphalt 
discovered  at  Cape  Sable,  Magotby  river.  Ann-Arundel  County, 
Maryland.    Amer.  Phil.  Soc.,  Trans.  2,  pp.  110-115,  1826. 

1825.  Notice  ot  a  new  crystalline  form  ot  the  Tenlte  of  Rhode 
Island.    Amer.  Phil.  Soc..  Trans.  2,  pp.  478-480,  1825. 

1826.  Geological  Survey  of  the  Environs  ot  PhUadelpbla;  per-    . 
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formed  by  order  of  Ui«  Philadelphia  Society  tor  promoting  Agri- 
culture.   Pp.  40,  1  map  colored,  Philadelphia,  1826. 

1817.  On  Pprozeae.  Haclnrean  Lyceum,  Contrlb.,  1,  pp.  Gl-60, 
1887. 

1827.  TmoBt,  G.  and  Lesueni.  On  calamine,  cobalt  and  the 
lead  ores  of  HIbsodH.  Amer.  Jour.  Sci.,  vol.  12,  pp.  376-378,  and 
379-380.   1827. 

Three  separate  note's  taken  from  the  New  Harmony  Oaiette  of 
April  17,  1827. 

1827  ?  ContrtbQtlons  to  a  compilation  on  the  Oeology  and  Mlu- 
eralogy  of  North  America  Issued  In  Hamburg  about  1827. 

Fide  8.  Harbert  Hamilton,  Amer.  0«ol.,  vol.  27,  pp.  41-42,  18»1. 

1828-36.  On  a  new  genus  of  serpents,  and  two  new  species  of 
the  genus  Heterodon,*  inhabiting  Tennessee.  New  York  Annal. 
Lyceum,  3.  pp.  174-190;   1828-1836.    Oben.,  Isis,  dol.  113-116,  1844. 

1831.  Address  delivered  before  the  Legislature  of  Tennessee, 
at  Nashville,  October  19,  1831,  by  Gerard  Troost,  H.  D.,  Professor 
of  Chemistry,  Mineralogy  and  Geology  at  the  University  of  Naeh- 
ville;  former  Professor  of  Mineralogy  at  the  Museum  of  Natural 
History,  and  Lecturer  on  Chemistry  at  the  Apothecary  Hall,  Phila- 
delphia.— Member  of  the  Philosophical  Society,  of  the  Academy  of 
Natural  Sciences,  and  Honorary  Member  of  the  M'Clurean  Lyceum 
in  Philadelphia — of  the  Medical,  Chlruglcal  and  Pharmaceutical  As- 
sociation of  Holland:  former  Officer  of  Health  of  the  first  class  In 
the  army  ol  Holland;  corresponding  member  of  the  Royal  Museum 
of  Natural  History  In  Paris:  Member  of  the  Mathematical  Society 
and  of  the  Society  of  Natural  Science  and  Literature  of  the  Hague; 
Corresponding  Member  of  the  Physical  AsBOCiatlon  of  Baltimore, 
etc.,  etc.  Transylvania  Jour.  Med.  vol.  4,  No.  4,  Lexington,  Ky., 
1831.  Republlsbed  from  National  Banner  and  Nashville  Whig  of 
October  31,  1831. 

1834-G.  On  the  localities  fu  Tennessee  In  which  bones  of  the 
gigantic  mastodon  and  Megalonjnc  JeSersonli  are  found.  Geol.  Soc. 
Pa.,  Traae..  vol.  I.  pp.  139-146,  and  B36-Z43, 

1S35.  On  the  Pentremltea  Relnwardtil,  a  new  fossil;  with  re- 
marks on  the  genus  Pentremltcs  (Say),  and  its  geognostlc  position 
In  the  states  of  Tennessee,  Alabama  and  Kentucky.  Geol.  Soc.  Pa., 
Trans.,  vol.  I,  pp.  224-231,  183S. 

183S.  Description  of  a  new  sfteclfe  of  fossil  Asterlas  (Asterlas 
antiqua).    Geol.  Soc.  Pa.,  Trans.,  vol.  I,  pp.  232-235,  1S3G. 

1835.  Description  of  BOtue  organic  remains  Characterizing  the 
strata  of  the  upper  Transition  which  composes  Middle  TennesBee. 
Geol.   Soc.   Pa.,   Trans.,   vol.   I,   pp.   244-247,   1835. 

1835.  Third  Geological  Report  to  the  Twenty-first  General  As- 
sembly of  the  State  of  Tennessee,  made  October,  183E.  32  pp.,  in 
colored  map.    8°,  Nashville,  183B. 
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Hap  abovi  area  of  the  coal  f<Hinatlons  In  Tennessee.  Aba. 
Amer.  Jour.  Scl.,  vol.  30,  p>,  391-392,  1S3G. 

1S36.  On  the  organic  remalna  which  characterlie  the  Transi- 
tion Series  of  tfae  vallef  of  the  MiBalsalppl.  Extracted  from  hla 
manuscript  report  to  the  Legislature  of  Tennessee  as  geologist  ot 
the  State.    Geol.  Soc.  Pa.,  Trans.,  vol.  I,  pp.  248-2SD,  1S35. 

1S36.  Investigations  respecting  the  extent  of  the  coal  forma- 
tions of  the  State  of  Tennessee.  'Amer.  Jour.  Scl.,  vol.  30,  pp.  391- 
3»2,  lg36. 

1837.  Pourtb  Geological  Report  to  the  Twenty-second  General 
Assemblr  of  the  Btate  of  Tennessee,  made  October,  1S3T,  pp.  17,  1 
map  8°,  Nashville.  1S3T. 

The  map  Is  of  the  Ocoee  district  and  has  a  colored  section  at 
Jhe  bottom.  The  report  was  also  Issued  with  the  following  head- 
ing: "Report  of  [he  Geologist  of  the  State  submitted  to  the  House 
of  Repreeentatlves,  5th  October,  1837."  House  Joar.,  1837-38,  Ap- 
pendix, pp.  (>2g-SE2,  Knoxvillc.  1S3S.  No  map.  Rev.  in  Amer.  Joilr. 
Scl.,  vol.  24,  pp.  187-188,  1838. 

1838.  Description  d'un  nouvean  genre  de  fossiles.  Soc.  Oeol. 
de  France.  Mem.,  Bd.  3,  pt.  1,  mem,  4.  pp.  S7-96,  1838. 

1840.  Description  and  analysis  of  a  Meteoric  mass  found  In 
Tennessee,  composed  of  Metallic  Iron,  Graphite.  Hydroxide  of  Iron 
and  Pyrites.  Amer.  Jour.  Sci.,  38,  pp.  250-264,  1840;  Blbl.  Univ.,  31, 
pp.  189-191,  1841.     Sturgeon,  Ann.  Blectr  G,  pp.  313-316,  1840. 

1840.  Fifth  Geological  Report  to  the  Twenty-third  General  Ae- 
aembly  of  Tennessee,  made  November,  1839. .  76  pp.,  2  maps,  1 
plate,  8',  NashvUle,  1840. 

Contains  a  colored  geological  map  of  the  state,  an  nncolored 
geological  map  of  Cocke  county  and  a  colored  geological  sectlOD  ot 
thf.  state  east  and  west.  Abs.  Amer.  Jour.  Scii,  vol.  41,  pp.  385- 
386,  1841. 

1841.  Shower  of  red  matter  like  blood  and  muscle.  Amer. 
Jour.   Scl.,  vol.  41,  pp.  403-404,   1841.. 

1841.  Sixth  Geological  report  to  the  Twenty-fourth  Gener^ 
Assembly  of  the  State  of  Tennessee,  made  October,  1841.  48  pp., 
map,  8°.  Nashville.  1841. 

Map  Is  an  uncolored  geological  one  o(  Sevier  county.  This 
report  was  also  Issued  without  map  with  the  following  heading: 
"Sixth  Geological  Report  totHbe  Twenty-fourth  General  Assembly 
of  the  State  of  Tennessee,  made  October,  1841,  etc."  House  Jour,, 
1841-42.  App.,  pp.  171-199,  Knosvllle,  1841.  IdenUcal  With  the  last 
and  evidently  printed  from  the  same  forms  is  the  cop7  In  Sen. 
Jour.  1841-42,  App.,  pp.  16&-183.  KnoxvlUe,  1841. 

1344.     Seventh  Geological  Report  to  the  Twenty-flftta  General 
Assembly  of  the  State  of  Tennessee.    Made  November,  1848.    46  . 
pp..  colored  map,  8°.  Nashville,  1844.  - 

Hap  is  colored  geological  one  at  Davldiwn,  'miUanwon  and 
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HBmy  countl«s.  The  report  without  map  was  also  poUlsbed  wttlt 
Uie  following  heading:  "Seventh  Geological  Report,  November, 
1813."  House  Jonr..  1S43-44,  App..  pp.  133-163.  KnozvlUe,  1S44. 
Also  In  IdenUcal  form  la  Sen.  Jour.,  1834-44,  App.  pp.  133-163,  8°, 
KnoxrUle,  1843.  [T] 

1845.  An  account  of  some  ancient  [human  and  other]  remains 
In  Tennessee.    Amer.  Kthnol.  Boc,  Trane.,  I.  pp.  35&-3GG.    1845. 

1846.  Eighth  Geological  Report  to  the  Twenty-elxtb.  Oen«ral 
Assembly  erf  the  State  of  Tennessee.  Made  November  1st,  1846, 
SO  pp.  S°,  Nashville.  1S46. 

Also  published  with  following  heading:  "Report  of  the  Geolo- 
gist of  the  State,  aubmitted  to  both  House  [sic]  of  the  General 
Aseembly."  House*Jour.,  1845-46,  App.  pp.  65-76.  NaBhvme,  1846. 
Also  in  identical  form  In  Sen.  Jour,  1845-46,  App.,  pp.  66-76,  Nash- 
ville. 1846. 

1845.  (1)  Deseriptlon  of  a  mass  of  Meteoric  Iron,  which  fell 
near  Charlotte,  IHckson  County,  Tenneaeee,  In  1835;  (2)  Of  a  mass 
of  Meteoric  Iron  discovered  in  DeKalb  County,  Tenn.;  (3)  of  a  mass 
discovered  In  Green  County,  Tenn.;  (4)  Of  a  mass  discovered  la  - 
Walker  County.  Alabama.  Amer.  Jour.  Scl.,  vol.  49,  pp.  336-346, 
1845. 

1846.  Description  of  the  varieties  of  meteoric  Iron. — (1)  from 
near  Carthage,  Smith  County,  Tennessee;  (2)  from  Jackson  County, 
Tennessee;  (3)  from  near  Smithland,  Livingston  County,  Ken- 
tucky.   Amer.  Jour.  ScL.  2°,  Ser.  vol.  2.  pp.  356-S58,  1846. 

1847.  Description  of  varieties  of  meteoric  iron.  Edinburg  New 
Phil.  Jour..  42,  pp.  371-373.  1847. 

1848.  Description  of  a  mass  of  Meteoric  Iron,  discovered  near 
Hurfreesboro,  Rutherford  County,  Tann.  Amer.  Jour.  Sd.,  2°,  Ser. 
vol.  e.  pp.  351-362.  1848. 

1848.  Kmurlte  and  Cacoiene  in  Tennessee.  Amer.  Jour.  Scl., 
2'  Ser.  vol.  5,  p.  421.  1848. 

1848.  Ninth  Geological  Report  to  the  Twenty-seventh  General 
Assembly  of  the  State  of  Tennessee  made  November,  1S47.  39  pp., 
2  pi..  8°.  Nashville.  1848. 

Also  published  with  the  following  heading:  "Ninth  Geological 
Report.  To  tbe  General  Assembly  of  the  State  of  Tennessee." 
House  Jour..  1847-48.  App.,  pp.  143-168.  2  pi.  Knoxvllle,  1848.  Pub- 
lished in  a  third  form  with  following  heading:  "Ninth  Geological 
Report  to  the  General  Assembly."  Sen.  Jour.,  1847-48,  App.,  pp.  316- 
341.  2  pi.  Nashville.  1848. 

1849.  Geographical  [sic]  Survey  of  Tennessee.  Amer.  Jour. 
Set,  2*,  Ser.  vol.  8,  pp.  419-420.  1849. 

An  editorial  note  giving  substance  of  a  communication  from 
Dr.  Troost  that  his  Geological  Report  now  before  tbe  Legislature 
of  Tenn.  contains  a  monograph  of  the  Crinoldea  of  the  state  de- 
scribing six  new  genera  and  88  new  species,  illustrated  by  220 
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flSurea.    LJat  appended- is  nearly  tlie  same  as  one  in  Proc.  Amer. 
Aaan.  Adv.  Sci. 

18E0.    LiBt   of   Tenneawte   Crinolda.    Jabrb.    fur    Uln.    Ac  Jabrr. 
1S60,  pp.  376^77. 

1850.    List  of  Tennessee  Crlnolds.    Jabrb.  fur  Hln.  Ac  Jahrg. 
Assn.  AdT.  ScL,  toI.  2,  pp.  59-62,  ISSO. 

List  gives  8S  new  species  and  16  new  genera,  all  being  Silurian. 

1860.    Honograph  on  Qrinolds   (?)   dlscoTered  In  the  state  of 
Tennessee  b^  Dr.  G.  Trooat.    lis.  In  U.  S.  National  Museum. 
VanderiHt  Univtrstty . 


Br  B.  K.  Knbmii.  Ambent,  U 
PLATE  VI. 


Introduction — A  large  box  of  rocks  collected  by  Mr,  I. 
I.  Hayes,  at  and  around  Port  Foulke*  came  into  the  posses- 
sion of  the  Amherst  College  cabinet,  presented  by  professor 
Edward  Tuckerman,  to  whom  the  box  was  sent  by  Dr.  Tor- 
rey  because  of  the  lichens  with  which  the  rocks  are  covered. 

From  the  scattered  notices  in  the  account  of  Dr.  Hayes' 
expedition  it  is  clear  that  the  Archaean  rocks  of  the  mouo- 
tain  ridges  are  flanked  along  the  eastern  shore  of  Smith's 
sound  by  an  extensive  series  of  sandstones  and  limestones 
cut  by  heavy  dykes  of  dark  igneous  rocks. 

The  rocks  examined  are  without  especial  labels  except 
one  upon  which  is  written,  "Picked  up  by  Jensen  wtiile  off 
on  a  hunt  after  reindeer,"  but  I  am  quite  sure  that  the 
pieces  described  below  came  from  the  near  vicinity  of  the 
winter  quarters  of  the  expedition  at  Port  Foutke,  both  from 
their  large  size,  and  the  great  number  of  pieces  of  the  same 
rock  present,  and  from  the  fact  that  I  liave  for  comparison 
rocks  from  Elah  bay,  Sontag's  grave,  and  all  the  other  local- 
ities in  the  neighborhood  mentioned  in  Dr.  Hayes'  narrative, 
which  with  full  labels  affixed  were  found  in  a  box  of  rocks 
packed  by  the  Arctic  explorer.  C.    F.  Hall    in    Kotzebue 

*Tkt  Optn  PalatSea,  IS67. 
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sound  on  his  first  journey,  apd  which  I  have  described  in 
connection  with   Hall's  collections.t 

I  have  not  been  able  to  explain  how  these  rocks,  labeled 
by  some  member  of  Dr.  Hayes'  party  in  North  Greenland, 
came  into  the  possession  of  Hall  in  Rescue  harbor,  but  a 
comparison  of  them  with  the  series  recently  obtained  makes 
it  quite  certain  that  these  specially  mentioned  below  all 
came  from  Port  Foulke. 

CRYSTALLINE  SCHISTS  AND  GRANITES. 

The  collection  contains  coarse  granites  in  great  abund- 
ance  and  variety,  especially  coarse  flesh-colored  micaless 
granites,  large  masses  of  pink  quartz  and  of  ortbodase,  more 
rarely  fine  grained  gneisses,  mica  schists,  granulytes,  albite 
aplyte,  hornblende  schists,  fissile  and  massive  quartzytes,  all 
in  no  wise  peculiar  with  the  exception  of  one  and  that  the 
most  abundant  variety,  which  merits  attention  both  for  it- 
self and  for  the  minerals  which  it  contains.  Several  large 
pieces  of  the  rock  occur  in  the  collection  and  specimens  of 
the  same  from  both  sides  of  the  bay  were  present  in  Hall's 
collection.  In  its  commonest  form  the  rock  is  a  coarse  red 
granite,  a  deep  red  orthoclase  making  up  half  its  mass  and 
large  dark  red  garnets  1-4  cm.  in  diameter  the  other  half. 
The  latter  are  often  only  shells  of  garnet  material  which 
have  compelled  granular  masses  of  quartz  and  a  bronze- 
colored  mica  to  assume  the  form  of  the  trapezohedron.  The 
garnets  are  often  changed  into  a  massive  black  green  chlor- 
ite.    Quartz  and  mica  are  rare  in  the  mass  of  the  rock. 

In  other  pieces  the  feldspar  is  gradually  replaced  by  a 
rich,  deep-blue  quartz  and  the  rock  grades  on  the  one  side 
into  a  blue  highly  crystalline  gneissoid  granite  in  which  at 
last  the  feldspar  so  entirely  and  the  mica  so  nearly  disap- 
pears— the  latter  remaining  wholly  in  broad  wavy  films. upon 
the  distant  foliation  faces,  and  much  decomposed  into  .a 
blackish-green  chloritic  material — ^ihat  the  rock  becomes  a 
massive  blue  crystalline  quartz  in  layers  1'^  inch  thick  and 
of  great  beauty;  or  on  the  other  hand  into  a  very  even, 
medium  grained  mixture  of  cobalt  blue  quartz  and  a  rich 
bronze-colored   mica.     The   quartz   contains   long,   straight 

H  maiH  ir  C.  F.  Hail.  Washington, 
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microlites,  only,  .008  mm.  ii^  cross  section,  which  appear 
black  by  transmitted  light.  They  may  be  all  nitile  since 
this  mineral  is  common  in  the  biotites  forming  a  sagenittc 
network  so  thick  as  to  make  them  sometimes  opaque. 

The  section  contains  here  and  there  trains  of  large  cavi- 
ties with  motionless  bubbles.  The  whole  section  is  evenly 
dusted  with  minute  brown  ragged  scales  (which  seem  to  be 
biotite)  except  in  a  somewhat  regular  network  of  branching 
bands,  which  do  not  coincide  with  partings  between  the 
quartz  grains. 

Another  similar  specimen  of  the  coarse  quartz-biotite 
rock  is  of  a  much  deeper  cobalt  blue  and  differs  very  mate- 
rially  in  thin  section  from  the  preceding.  The  microlites  and 
sheets  of  cavities  are  wanting  and  the  quartz  ts  full  of  the 
same  minute  fiat  ragged  scales  of  a  reddish  mineral  appar- 
ently biotite.  Scattered  irregularly  in  the  quartz  ground  are 
quite  large  grains  of  deep  blue  spinel,  often  black  except  on 
the  edges.  A  similar  blue  spinel  occurs  at  Frobisher's  bay  in 
a  rock  consisting  mostly  of  phlogopite  and  calcite  which 
makes  part  in  an  .Archaean  limestone,  and  we  may  possibly 
assume  these  grains  and  crystals  to  have  been  derived  by 
the  granite  from  an  ancient  crystalline  limestone.  These 
grains  are  uniformly  surrounded  by  a  red  brown  biotite 
sometimes  in  a  narrow  frill  of  small  plates,  sometimes  in  a 
broad  border  of  coarse  plates.  These  always  show  the 
strongest  indications  of  resorption.  Large  round  grains  of 
a  black  ore  fill  the  outer  portion  of  the  mica  plates  and 
gather  in  the  interior  in  strongly  developed  beaded  rods  or 
fusiform  shapes,  (often  occupying  the  prismatic  cleavage  and 
the  diagonal  thereto, — the  lines  of  the  percussion  figure) 
which  become  so  abundant  as  to  make  the  plate  opaque. 
These  balls  extend  beyond  the  edge  of  the  mica  plate  and 
even  appear  apart  from  the  mica  in  round  areas  as  if  the 
mica  had  been  wholly  resorbed. 

Many  beautiful  blue  prisms  radiate  from  the  spinel  or 
lie  isolated  ni  the  mica  frill.  They  are  rhombic,  have 
strong  absorption,  reddish  violet  parallel  with  the  prism, 
rich  ultramarine  blue  and  colorless  at  right  angles  to  the 
same.  Thev  seem  to  be  dumortierite  prismatic  parallel  to 
^  or  fl  * 

~^on.  O.   8.   O.  8.  mis,  p.   IS,  1B»S. 
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*TUb  article  ma  written  many  yeare  Ago  and  mlelald.  Since 
then  the  question  of  Uie  cause  of  the  bine  quarts  so  common  la 
the  Arcbaean  has  Interested  tne  and  this  quarts  is  so  generally 
without  inclusions  and  strongly  strained  that  1  have  considered 
th<i  color  to  result  from  this  strain,  especially  since  the  blue  color 
can  be  sometimes  seen  to  disappear  when  the  strain  is  relieved 
by  Assuring.  So  long  ago  as  1822  Cleveland  cites  many  localltlflB 
vt  tht;  mineral.  It  Is  found  In  Bohemia,  Macedonia,  etc;  In  the 
United  States;  in  Virginia:  near  the  Blue  Ridge,  In  Amherst  and 
Campbell  counties  tn  amorphous  masses  (T.  D.  Porter).  In  Penn- 
sylvania: Chester  county;  and  near  Ablngton,  Montgomery  county, 
is  fonnd  an  amorphous  blue  quarts  (Seybert).  About  two  miles 
west  from  West  Chester,  It  contains  slrcon  (Lea).  P.  Cleaveland, 
(Treatise  on  Mineralogy  and  Oeology.  2d  IMlUoiu  1S22,  I,  p.  IS7.) 
Keith  reports  it  from  the  Catoctln  belt  as  the  constant  ao- 
companlment  of  the  preOambrlan  granite  in  a  small  portion  of  Its 
extent.  At  certain  points  the  blue  quarts  granite  Is  not  peculiar 
microscopically,  but  Is  macroscoplcally  striking  from  the  brilliascy 
of  its  color.  The  blue  quartz  Is  in  original  crystals  and  in  veins 
and  patches. 

I  have  found  the  mineral  everywhere  characteristic  <tf  the  pro- 
Cambrian  rocks  of  western  New  England  and  western  Sweden.  In 
eastern  central  New  England  post-Carboniferous  blue  quarts  gran- 
ites occur  and  I  have  recently  described  beautiful  pre-Carbooiferous 
blue  quarts  porpbyrlee  from  East  Greenwich,  R,  I.  I  have  seen 
similar  porphyries  In  Finland. 

It  Is  curious  that  this  deepest  colored  blue  quarts  should  con- 
tain cobalt  ores,  deep  blue  spinel  and  the  rich  blue  dumortlerlt«. 
The  two  last  may  contribute  to  the  blue  color  making  It  deeper 
than  usual  but  they  do  not  explain  the  phenomenoii  In  Its  wider 
appeanuice. 

The  broad  biotite-dumortierite  border  seems  to  have 
been  formed  by  the  solvent  action  of  the  heated  alkali-silica 
solutions,  and  then  to  have  been  in  large  measure  resorbed. 
Spots  of  millerite  spread  through  the  rock  in  thick 
curved  sheets  as  if  it  replaced  the  mica.  It  gives  with  the 
blowpipe  reactions  for  sulphur  and  nickel  alone,  has  H.  3.5, 
is  very  brittle  and  gives  a  dark  streak.  Exceptionally  large 
cleavage  pieces  a  quarter  of  an  inch  across  were  obtained. 
The  cleavage  is  nearly  perfect  parallel  to  a  rhombohedron 
of  144  degrees  15  minutes  a  mean  of  several  measurements 
with  reflecting  goniometer.  The  color  is  bright  brass  yel- 
low. 

•  An.  Bcp.  IT.  8.  Q.  S.,  zlv,  p.  M»,  pi.  xxiv. 
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Er)rthrite,  annabergite  ia  thick  crusts,  and  a  very  beauti- 
ful  bunsenite  accompany  the  sulphides  and  have  resulted 
from  their  decomposition.  All  these  minerals  were  des- 
troyed in  the  burning  of  the  Amherst  College  collection. 

Sedimentary  Rocks— 'BwH,  massive  sandstones,  with 
the  finest  ripple  marks,  red,  well-bedded,  pebbly  sandstones, 
and  buff,  slaty  sandstones  are  very  abundant,  and  the  latter 
occur  also  somewhat  indurated  and  finely  jointed,  or  baked 
masses  of  a  thick-bedded,  buff,  cherty  limestone.  The  fig- 
ure shows  a  curious  banded  concretionary  structure  in  deeper 
shades  resembling  the  landscape  marble  from  Cotham  in 
England.  It  is  a  distinct  schlieren  structure  in  a  sediment- 
ary rock,  as  if  a  heavier  layer  had  settled  upon  a  lighter,  and 
the  latter  had  at  stated  points  risen  up  into  the  former.  The 
lines  of  flow  marked  by  a  delicate  banding,  and  expanded  out- 
wardly into  a  fan  structure.     See  analysis  I. 

Grey  limestones  with  traces  of  brachiopods  and  large 
pieces  of  chert  accompany  the  sandstones  and  closely  re- 
semble the  limestone  of  the  Niagara  period  from  the  Parry 
islands,  while  the  sandstones  have  been  compared  by  Mc- 
CUntock  to  the  series  in  Byane,  Martin's  island,  which  are 
referred  by  Houghton  to  the  base  of  the  Carboniferous,* 
The  sandstones  here  described  resemble  closely  the  New 
York  Potsdam,  and  seem  to  form  a  fringe  along  the  Arch- 
ean  hights  to  the  north  and  south  of  Port  -Foulke,  as  the 
former  do  around  the  mountains  of  northern  New  York. 

One  large  piece  of  the  limestone  has  still  attached  to 
it  a  mass  of  chert  of  a  pale  leek-green  color,  of  fine  con- 
choidal  fracture  and  porcellanous  appearance,  and  many 
large  pieces  of  the  s5me  rock  occur  in  the  collection.  The 
rock  resembles  so  exactly  a  compact  felsyte  tufa  that  I  liad 
thought  it  at  first  from  its  macroscopical  appearance  to  be 
such,  but  its  infusibility,  and  relation  to  the  limestone,  and 
the  fact  that  it  resembles  also  almost  equally  well  slides  of 
chert  and  hornstone,  determined  its  reference  as  above. 
Microscopically  it  shows  a  colorless,  transparent,  amorphous 
mass  and  must  be  largely  opal.  It  is  filled  with  minute',  red- 
dish, non-polarizing  grains,  agglomerated  into  semi-opaque, 
often  spherical,  balls,  which  give  the  mass  a  "cumulitic"  ap- 
•Jour.  Roy,  Dublin  Society.  I8E7,  p.  199. 


)y  Google 


Notes  on  Some  Rocks  and  Minerals — Emersoa.     99 

pearance.  A  small  vein  of  granular  quartz  runs  across  the 
slide  containing  highly  refringent  globules  of  smalt  size 
with  bubbles.     See  analysis  II. 

The  following  analyses  were  made  for  me  in  the  labor- 
atory of  Amherst  College,  by  Mr,  Edward  C.  Smith: 

AnalTBlB    I. — Compact  Banded  Limestone.    Bee  page  98. 

Analysis  n. — Green  HoniBtone.    See  page  98. 

I. 

SiO* 6.89  percent 

CO- 48.44  per  cent - 

TeHy » 1.05  per  cent. 

Al-O" 0.8X  per  cent 

CaO 89.73  per  cent 

MgO 19. M  per  cent 


Total   99.98  per  cent 


fflO* 84.00  per  cent 

Te*Cf 7.20  per  cent 

APO* 0.92  per  cent 

CaO 0.47  per  cent 

MgO 1.07  percent 

Na^O 1.77  per  cent 

IPO 2.07  per  cent 

H*0 1.83  per  cent 


99.33  per  cent 

BASIC    ERUPTIONS. 

Dioryte. — Port  Foulke.  A  massive  black  rock  with  the 
shining  jet-black  hornblendes  just  visible  to  the  eye,  ani 
the  plagtoclase  of  glassy  freshness.  It  has  with  the  micro- 
scope the  simplest  dioryte-textiire  and  the  fieldspar  is 
labradorite. 

Quirts  Diabase  (Kongadiabase).  This  agrees  closely 
with  the  rock  from  Rawdon,  Quebec,  figured  in  Rosenbusch, 
Gesteinslehre,  p.  329.  The  rock  is  dull  black  with  small  red- 
dish spots.  Flat  blades  of  black  angite  sometimes  a  half 
inch  long  appear  quite  abundantly.  They  have  a  central 
suture  and  a  transverse  striation.  Tbese  blades  are  found 
under  the  microscope  to  be  wholly  altered  to  a  fibrous  mass 
of  dark  green  delessite  which  is  quickly  decomposed  by  acid 
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leaving  a  white  fibrous  residue.  It  is  assumed  that  the  min- 
eral was  augite  because  it  exactly  resembles  the  long  blades 
of  augite  found  in  the  peculiar  variant  of  the  Holyoke  dia- 
base and  called  plumose  diabase  bj;  the  writer  in  a  communi- 
cation to  the  Geological  Society  in  1903.  The  fiat  plate  is 
formed  by  the  large  development  of  two  opposite  prism 
faces.  The  central  suture  is  the  common  twinning  plane. 
The  transverse  parting  is  the  basal  cleavage.  All  the  mag- 
netite is  concentrated  around  these  blades  and  a  few  of  the 
feldspars  of  the  first  generation  in  an  unusually  thick  layer. 
The  magnetite  cleavage  can  be  clearly  seen  on  fragments 
treated  with  acid.  The  rock  on  this  side  allies  itself  to  dia- 
base. On  the  other  hand  the  dark  flesh-colored  spots  which 
represent  the  ground  have  an  aplitic  aspect.  A  few  ideo- 
morphic  plagioclase  crystals  occur,  rarely,  in  albite  twins, 
mostly  limpid  but  partly  changed  to  a  green  mica  in  coarse 
scales.  Anorthite  and  oligoclase  could  be  determined  optic- 
ally. A  few  long  needles  of  a  colorless  hornblendic  mineral 
appear. 

Surrounding  these  ideomorphic  minerals  is  an  abundant 
ground  made  up  of  an  intimate  mixture  of  quartz  and  feld- 
spar which  imitates  every  form  of  the  macroscopic  pegma- 
tyte  structure  and  avoids  the  worm-Uke,  granophyric  or 
myrmekitic  structure.  The  larger  anhedral  portions  of 
quartz  contain  sparingly  the  rigid  needles  common  in  gran- 
itic quartz  and  send  out  into  the  feldspar  long  parallel  equi- 
distant bars  which  intersect  at  angles  of  about  40  to  50  de- 
grees, and  form  a  lace  work  of  great  beauty.  In  other  feld- 
spars stouter  quartz  rods  with  many  crystal  faces  produce 
exactly  the  aspect  of  common  graphic  granite.  The  whole 
is  pale  brown-dusted.  This  ground  has  also  a  close  resemb- 
lance to  the  ground  in  the  plumose  diabase  mentioned  above. 
It  is  there  associated  with  palagonite  which  is  wanting  here. 
The  micropegmatyte  texture  seems  to  depend  on  the  unusual 
influence  of  water. 

Diabase  Aphamte. — A  fresh,  exceedingly  fine-grained 
diabase,  which  would  not  be  easily  distinguished  macroscop- 
ically  from  the  finest  varieties  of  our  Triassic  diabases  ex- 
cept for  the  slightly  brownish  shade  of  color.  Microscopic- 
ally one  finds  augite  filling  the  crevices  among  the  other 
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constituents,  magnetite  abundant  in  angular  crystalline 
groups,  plagioclase  with  extinction  20  degrees,  for  the  smaller 
25  degrees  for  the  much  larger  of  the  minute  acicular  crys- 
tals, the  whole  with  complete  ophitic  structure.  The  glass 
basis  is  present  in  small  portions,  either  in  grotesque  rami- 
fications in  the  larger  feldspars,  at  times  arranged  in  a  beaded 
layer  parallel  to  their  boundaries  or  in  isolated  blebs.  It  is 
here  often  only  partially  devitrified  but  where  it  is  wedged  in 
the  interstices  of  the  very  fresh  crystalline  constituents  it  is 
a  reddish-grey  granular  mass  showing  aggregate  polariza- 
tion. 

Diabase. — This  rock  is  a  crumbling  pseudo  amygdal- 
oidal  mass  much  decomposed  and  carrying  calcareous  and 
chloritic  amydules.  It  is  considerably  coarser  than  the 
preceding  variety  but  the  constituents  can  not  be  distin- 
guished without  a  lens.  Under  the  microscope  it  has  the 
aspect  of  a  common  diabase.  The  feldspar  is  abundant  but 
wholly  decomposed.  In  the  freshest  portion  the  augite  is 
very  little  changed.  Many  large  irregular  cavities  are  filled 
with  a  red-brown  radiated,  fibrous  mass  of  altered  delessite 
showing  a  black  cross  when  rotated  under  the  nicols.  These 
two  rocks  may  very  probably  belong  to  a  single  series  of 
dykes  or  have  been  derived  from  the  border  and  center  of 
a  single  large  stock. 

Pickryte. — The  third  mass  is  fine-grained,  greenish- 
black  and  fresh  in  appearance,  and  in  it  one  detects  with  a 
lens  scales  of  red  mica  and  very  rarely  a  triclinic  feldspar. 
Microscopically  it  proved  to  be  an  unusually  fresh  and  very 
interesting  pickryte — an  olivine-diallage-augite  rock  with 
some  accessory  plagioclase,  which  latter  was  wholly  wanting 
in  several  slides,  in  others  reached  an  amount  which  tempted 
one  to  associate  the  rock  rather  with  the  gabbros,  which  it 
resembles  in  texture.  The  olivine  which  makes  up  certain- 
ly three-fourths  of  the  mass,  is  often  present  in  large  and 
well  formed  crystals,  and  in  smaller  crystals  crowds  the 
other  constituents.  It  is  often  quite  fresh,  often  much 
decomposed  and  where  the  change  is  well  advanced  after  the 
formation  of  the  usual  broad  bands  of  yellowish  serpentine, 
it  turned  in  a  new  direction  and  the  rest  of  the  crystal  has 
gone  over  into  a  mass  of  plumose  scales  which  polarize  in 
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pale  bluish  shades  like  talc.  Often  also  the  serpentine  is 
gathered  in  bright  emerald  or  bluish  green  patches.  The 
diallage  is  often  quite  fresh  and  shows  clearly  two  pinacoidal 
cleavages,  with  rarely  any  trace  of  the  prismatic  cleavage. 
It  is  pale' yellow  with  few  of  the  enclosures  characteristic  of 
-the  mineral,  shows  the  usual  fibrous  structure  and  often  dis- 
tinct twin  lanimae  interposed  in  the  plane  of  the  perfect 
cleavage.  It  is  in  many  cases  advanced  beyond  the  olivine 
in  the  change  to  serpentine  and  the  brightly  colored  varieties 
of  the  latter  minerij  are  most  closely  connected  with  it. 

Other  smaller  and  often  perfectly  outlined  cr3[Stals  pos- 
sess the  cleavage  and  show  the  ordinary  twinning  of  at^te 
and  are  often  enclosed  in  the  plagioclase. 

The  feldspar,  wedged  in  sharply  angular  pieces  among 
the  other  constituents,  shows  twin-lanimae.of  very  unequal 
widths,  with  extinction  21  to  27  degrees.  In  one  section 
parallel  to  M.  the  extinction  was  29  degrees.  Octahedra 
apparently  of  picotite  occur  in  the  olivine  and  serpentine, 
while  magnetite  appears  both  as  an  original  constituent  and 
in  smaller  granules  in  the  serpentine. 

The  order  of  crystallization  is  picotite  and  magnetite, 
olivine,  diallage,  augite,  plagioclase.  The  rock  affords  slides 
of  great  beauty  from  the  very  regular  forms  of  its  crystals 
and  the  beautifully  developed  sepentinous  change. 

In  this  connection  I  wish  to  call  attention  to  certain 
allied  eruptive  rocks  from  Frobisher  bay,  among  the  collec- 
tion made  by  C.  F.  Hall,  which  I  studied  twenty-five  years 
ago  with  improvised  optical  apparatus. 

Hornblende-bearing  Diabase.  - — This  is  a  dark  fresh 
looking  trap  the  feldspar  needles  just  showing  to  the  eye. 
The  feldspar  rods  are  labradorite  with  irregular  twinning  in 
few  bands.  A  broad  central  area  is  dusted  brown,  and  this 
dust  decreases  toward  the  edge,  and  a  strong  undulosc  ex- 
tinction goes  parallel  with  it,  the  angle  of  extinction  decreas- 
ing toward  the  border.  Large  grains  of  a  pale  coarse-cleav- 
ing pyroxene  occupy  the  meshes,  mostly  uralitized.  A  con- 
siderable number  of  large  grains  of  an  original  greenish- 
brown  hornblende  appear.  This  was  described  in  -  Hall's 
Narrative,  p.  568,  as  quartz  dioryte. 

Alnpyte. — So  many  large  blocks  of  this  rock  were  in 
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the  collection  that  it  is  quite  sure  that  they  came  from  Res- 
cue harbor,  Field  bay,  where  Hall  took  ship  for  his  return. 
They  are  a  brownish-black  trap-like  rock,  massive  to 
platy,  with  many  deep-red  biotite  scales  showing  with  the 
lens. 

The  rock  effervesces  for  a  long  time  with  acid  and  this 
brings  out  light-colored  spots  full  of  needles  of  a  pyroMnic 
mineral. 

Under  the  microscope  a  few  large,  lemon-yellow  serpen- 
tine pseudomorphs  after  olivine  are  surrounded  by  a  broad 
band  of  the  lai^  deep-red  biotites  which  have  an  almost 
black  border.  The  change  of  the  olivine  is  sometimes  in 
whole  or  part  into  an  aggregate  of  carbonates.  Long, 
square  prisms  of  a  colorless  highly  retractive  pyroxene  oc- 
cur. Another  pyroxene  appears  in  tufts  of  long  prisms  and 
needles  which  radiate  into  calcite-filled  cavities.  They  are 
red-brown  in  the  central  half  and  pale  green  at  the  ends. 
Some  are  wholly  dark  greenish  blue  to  nearly  black.  The 
mineral  is  much  like  aegerine,  but  extinguishes  at  37  to  41 
degrees  and  so  is  a  peculiar  pyroxene  which  has  strong  ab- 
sorption and  dispersion  and  on  being  rotated  slightly  from 
the  position  of  extinction  shows  red-brown  on  one  side  and 
clear  blue  on  the  other,  suggesting  titanaugiie. 

Probable  remnants  of  nepheline  show  uniaxial  figure 
and  low  refraction.  Many  of  these  phenocrysts  have  so 
sharply  the  trapezohedral  cross  section  as  to  suggest  leucite, 
but  these  are  decomposed  in  the  same  way  as  the  prismatic 
forms. 

Half  tf»e  field  is  taken  up  with  octagonal  or  nearly  spher- 
ical phenocrysts,  which  are  just  visible  to  the  eye.  They  are 
now  mostly  decomposed  into  a  mixture  of  calcite  and  color- 
less needles.  Some  show  negative  uniaxial  cross  and  high 
refraction  and  polarize  in  pale  blue  tints  anjl  all  are  prob- 
ably mellilite.  See  "Geology  of  Frobisher's  Bay,"  in  Hall's 
Narrative,  p.  571,  1879. 

Alnoyte  Porphyry. — Another  distinct  variety  .is  nmch 
finer  grained  than  the  preceding.  It  is  aphanitic  to  the  eye 
and  less  distinctly  porphyritic  to  the  microscope. 

Tne  biotite  appears  only  in  the  ground  with  microlites 
of  mellilite.     The  sharp  crystals  of  amber  pyroxene  are  un- 
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changed.  Those  of  melliUte  are  changed  as  before.  The 
olivine  phenocrysts  are  double  the  size  of  the  others  and  are 
sharp  as  needles,  except  that  they  enclose  blebs  of  the 
ground.  Their  decomposition  is  peculiar.  They  are  some- 
times a  homogenous  matted  mass  of  serpentine  Ebres  lacking 
the  common  decomposition  along  fissures.  They  are  gener- 
ally 'swarming  full  of  the  prisms  of  the  titanaugite  described 
above,  in  radiating  tufts,  or  growing  into  the  interior  of  the 
fibrous  mass  from  the  surface.  Sometimes  they  form  a  loose 
network  through  the  whole.  They  are  sharp,  square  prisms, 
bounded  by  the  pinacoid  faces. 

The  specimen  had  a  greasy  label  in  Hall's  cramped  hand : 
"Found  at  Is-se-luk-ju-nor.  Between  Frobisher  Bay  and 
'Rescue  Bay,'  on  the  land  as  we  pass  from  head  of  latter  to 
the  inlet  that  makes  up  within  2>^  miles.  (This  route  is  the 
one  in  winter  in  passing  between  Oo-pung-ne-wing  and 
Rescue  Harbor.)     Given  me  by  Kou-isse." 

This  was  doubtless  at  Bayard  Taylor  pass.  See  Hall's 
Arctic  Research  Expedition;  map. 

The  age  of  these  eruptives  cannot  be  told.  They  are 
associated  with  a  large  range  of  Archaean  rocks — granites, 
granitytes  granulytes,  magnitite  gneisses,  coccalite  lime- 
stones containing  ruby  spinels,  but  adjacent,  are  probably 
Carboniferous  rocks,  and  certainly  highly  fossiliferous  Lower 
Silurian  rocks  from  which  in  the  article  cited  I  described  a 
large  number  of  fossils. 


MONTANA  QYPSUM    DEPOSITS. 
Bjr  JiHi  Piam  Rowa,  UnlTerilt]'  of  Montana.  UIbsouIb. 
PLATB9  Vir,  VIII,  DC  X. 

Little  has  been  written  concerning  the  gjfpsum  deposits 
of  Montana,  as  the  discovery  and  economic  development  of 
the  beds  in  the  state  date  back  but  a  few  years.  Perhaps 
the  first  commercial  use  made  of  native  gypsum  in  Montana 
was  in  the  year  1894— and  the  first  discovery  the  year  pre- 
vious.    The  state,  however,  can  boast  of  as  large  gypsum 
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deposits  as  any  slate  in  the  Union,  and  in  a  few  years  this 
natural  resource  will  be  of  great  benefit  to  her  citizens. 

The  gypsum  deposits  in  Montana  may  be  divided  into 
three  general  fields;  the  North,  Middle,  and  South  Fields. 
These  fields  follow  the  contour  of  the  mountains  and  run 
^rom  northwest  to  southeast  through  the  state. 

Little  is  known  of  the  North  Field,  but  it  is  claimed  that 
some  good  deposits  are  located  near  Libby,  Flathead  county, 
Montana,  and  until  recently  a  plaster  of  Paris  and  stucco 
mill  was  in  operation  at  that  place,* 

The  Middle  Field  is  located  in  the  counties  of  Cascade 
and  Fergus.  Two  large  deposits  are  found  in  this  field. 
One  deposit  near  the  towns  of  Armington  and  Kibby  in  Cas- 
cade county;  and  the  other  in  the  Big  Snowy  mountains,  of 
Fergus  county,  near  Portuguese.  The  South  Field  is  lo- 
cated in  Carbon  county,  near  Bridger. 

The  selenite  variety  of  gypsum  is  found  in  all  the  coun- 
ties of  Montana  east  of  the  rockies.  It  occurs  in  the  upper 
Cretaceous  formations,  but  seldom  is  found  in  commercial 
quantities.  "Very  commonly  it  impregnates  the  waters 
both  of  streams  and  springs,  making  them  unfit  for  use. 
At  Hunter's  Hot  Springs,  on  the  North  bank  of  Yellowstone 
river,  about  20  miles  east  of  Livingston,  the  hot  waters  are 
now  depositing  gypsum  and  the  old  hot  spring  fissures  are 
filled  by  a  mass  of  gypsum  and  stilbite.  Up  to  the  present 
time  these  deposits,  although  of  considerable  extent,  have 
not  been  utilized."* 

During  the  summer  of  1902  the  writer  found  a  vein  of 
selenite  in  the  southern  part  of  Fergus  county,  near  Folsom, 
which  is  about  18  inches  thick  and  several  yards  in  length. 
This  deposit  is  in  the  Laramie.  Many  such  places  occur  in 
the  state  but  the  areas  are  small  and  do  not  warrant  an  at- 
tempt at  commercial  production. 

Crystals  of  selenite  gypsum  are  found  in  quite  large 
quantities  in  the  Laramie  clays  of  Dawson  county,^  and  near 
Bear  Paw  mountains,  in  Choteau  county. 

*  Bishth  Report  of  Bureau     of  AsrloiUtlire,  Iisbor  &nd  Induitry  of  the 
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Anhydrite  gypsum  crystals  are  found  14  miles  west  of 
Wibaux,  Montana,  in  the  "bad  lands"  of  Glendive  creek, 
Dawson  county.  The  butte  on  which  the  crystals  are  found 
is  one  of  the  highest  in  this  region,  and  is  capped  by  a 
scoriaceous  volcanic  rock.  The  crystals  are  found  about  30 
feet  below  in  a  "gumbo"  clay.  The  transition  of  selenite  to 
anhydrite  is  beautifully  shown.  The  heat  of  the  overlying 
lava  thus  caused  the  change.  The  crystals  are  found  in  the 
Laramie  and  are  the  only  native  anhydrite  crystals  so  far 
known  in  Montana. 

The  middle  and  southern  beds  are  the  only  ones  being 
worked  at  present,  and  only  one  mill  is  being  operated  at 
each  place. 

TAe  MiddU  Field. 

The  principal  beds  now  being  worked  in  this  field  are 
located  in  the  northwestern  part  of  Cascade  county  and  cover 
quite  a  large  area.  According  to  Weed  "the  series  of  beds 
may  be  traced  from  the  Missouri  river  eastwards  along  the 
flanks  of  the  Big  Belt  mountains  to  Riceville  on  the  Neihart 
branch  of  the  Great  Northern  railway ;  thence  eastward  to 
the  town  of  Kibby,  and  thence  around  the  flank  of  the  Little 
Belt  mountains  in  a  nearly  continuous  exposure  to  the  vicin- 
ity of  Castle  mountains.  Southward  from  that  locality  the 
same  horizon  can  be  traced  by  its  red  shales,  but  the  gypsum 
does  not  occur,  so  far  as  known,  in  suflicient  purity  or  thick- 
ness to  promise  commercial  importance  " 

This  field  was  visited  during  the  past  summer  and  found 
to  be  in  a  flourishing  condition.  Mr.  A.  J.  Voight,  the  pres- 
ent president  and  manager  of  the  only  stucco  and  plaster  of 
Paris  mill  in  this  fleld,  made  it  possible  for  the  writer  to  in- 
vestigate the  beds  and  mill  and  closely  examine  the  products. 
Mr.  Voight  formerly  owned  and  managed  the  Kibby  plant, 
but  after  this  latter  burned,  the  beds  nine  miles  northwest 
of  Kibby  and  six  miles  above  Armington  were  opened  and 
in  1900  the  new  or  present  plant  was  installed.  "The  mill 
of  this  plant  is  located  directly  on  the  Neihart  branch  of  the 
Montana  Central  railway  six  miles  above  Armington,  on 
Belt  creek  and  thirty-four  miles  from  Great  Falls.  Tlie  mine 
is  directly  back  of  it  and  sufficiently  high  on  the  hillside  so 
that  gravity  is  largely  helpful  in  handling  the  rock."     Some- 
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time  back,  wagons  were  used  in  transporting  llie  rock  gyp- 
sum Irom  the  mines  to  the  mill,  but  there  was  installed  dur- 
ing the  past  summer  a  gravity  tram  car  system  which  great- 
ly facilitates  this  part  of  the  work  and  somewhat  lessens  the 
expense  of  transporting  the  raw  material.  The  gypsum  is 
dumped  into  an  immense  bin,  and  "directly  from  the  rock 
bin"  it  is  passed  "through  a  12x14  inch  Blake  crusher  which 
crushes  it  to  about  one  inch ;  then  through  a  Gales  crusher, 
which  reduces  it  to  one-quarter  of  an  inch ;  then  it  is  elevated 
to  a  trammel  which  separates  the  coarse  from  the  fine,  all 
over  40-mesh  going  down  through  a  gravity  pipe  into  a 
French  burr  which  reduces  everthing  to  40-mesh  or  finer; 
from  the  burr  it  is  again  elevated  to  the  same  separator, 
whence  it  travels  by  gravity  to  a  bin  over  the  calciner.  The 
calciner  holds  about  three  tons  and  in  this  mechanism  the 
gypsum  is  dehydrated  by  subjecting  it  to  heat  at  260  degrees 
Fahrenheit  for  two  and  one-half  hours  usually.  From  here 
the  plaster  of  Paris  is  conducted  to  a  storage  bin  where  a 
retarder  and  hair  are  added,  then  through  a  Broughton 
mixer  which  finishes  the  stucco  process.  The  capacity  of 
the  mil!  is  thirty  tons  per  day,  of  24  hours,  which  it  regularly 
turns  out  and  loads  directly  in  the  railroad  cars  for  shipment. 
More  than  one-half  goes  to  Seattle  and  Spokane,  the  balance 
being  marketed  at  Great  Falls,  Butte,  Missoula,  Helena  and 
ether  Montana  towns. 

This  mill  is  by  far  the  better  equipped  and  capacious  of 
the  two  now  operating  in  the  state. 

Stucco  or  wall  plaster  from  this  mill  was  used  in  the 

Victoria  Building,  Spokane,  Washington. 

State  Capitol  Building,  Helena,  Montana. 

U.  S.  Post  Office  Building,  Butte,  Montana. 

U.  S.  Post  Office  Building,  Helena,  Montana. 

Hennessey  Merc.  Co.  Building,  Butte,  Montana. 

Court  House  Building,  Great  Falls,  Montana. 

Court  House  Building,  Kalispell,   Montana. 

Masonic  Temple  Building,  Butte,  Montana. 

Yerrick  Building,  Missoula,  Montana,  and  many  others. 
The  above  readily  shows  that  the  Montana  product  is  equat 
to  the  eastern  product  and  is  being  quite  generally  used 
throughout  the  northwest. 
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The  company  operating  this  mill,  or  the  "Montana 
Aluminum  Plaster  Co."  manufactures  five  different  products 
from  the  raw  gypsum — stucco,  plaster  of  Paris,  aluminum 
hard  finish  plaster,  sand  plaster  and  caicimme  of  various 
colors.  The  annual  product  from  this  plant  is  about  1,800 
tons. 

The  mill  and  mines  are  lighted  with  electricity,  gener- 
ated by  means  of  a  small  dynamo  at  one  end  of  the  mill. 
The  mill  at  present  is  run  by  steam  but  the  company  expects 
to  dam  Belt  creek  within  another  year  and  thus  run  on  a 
more  economical  basis.  The  mill  is  within  twenty  yards  of 
the  railroad,  thirty  yards  of  the  creek  and  fifty  yards  of  the 
mines.  Everything  is  ideal  for  a  plant  of  this  sort. 
2'Ae  Gypsum  Beds. 

The  beds  found  here  are  between  twenty-five  and  thirty 
feet  thick,  and  extend  over  an  immense  area.  They  are 
nearly  horizontal,  having  a  slight  dip  to  the  northwest.  The 
gypsum  itself  is  quite  pure  (see  analyses)  but  is  interstrati- 
fied  somewhat  in  places  with  considerable  clay. 

The  gypsum  is  not  more  than  from  100  to  300  feet  be- 
low the  surface  and  is  capped  by  and  rests  upon  a  hard 
compact  limestone;  several  fossils  were  gathered  from  the 
rock  above  and  sent  to  the  U.  S.  National  Museum  for 
specific  identification  and  the  horizon  was  pronounced 
Jurassic. 

From  the  dip,  geological  formation,  and  other  indica- 
tions the  beds  here  are  pronounced  the  same  as  at  Kibby, 
nine  miles  away.  If  this  be  true  the  field  at  this  place  has 
by  far  the  largest  productive  area  of  any  in  the  state.  The 
beds  thin  out  to  a  few  feet  at  Kibby  and  most  of  the  mate- 
lial  worked  there  was  exposed. 

The  other  bed  that  belongs  to  this,  or  the  middle  field, 
is  located  in  the  Big  Snowy  mountains,  near  Portuguese, 
about  thirty-five  miles  south  of  Lewiston,  Fergus  county. 
The  material  is  of  a  very  good  quality  and  it  is  claimed  that 
an  immense  ledge  is  exposed.  No  development  of  any  con- 
sequence has  ever  been  done  here ;  but  since  the  railroad 
now  passes  within  a  few  miles  of  the  deposits,  good  use  is 
expected  soon  to  be  made  of  them. 
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TA^  South  Field. 

The  productive  part  o{  this  field  is  located  wholly  within 
Carbon  county,  and  "this  series  of  beds  then  extend  south- 
ward  into  the  Big  Horn  basin  and  can  be  traced  into  the 
mountains  of  Wyoming," 

There  are  three  exceptionally  fine  outcrops  in  this  field. 
At  present  only  one  of  the  three  is  being  worked.  The 
imaiitsi  or  first  outcrop  of  this  field  is  located  about  eight 
miles  south  and  east  of  Bndger  and  at  this  outcrop  is 
located  the  only  other  gypsum  plant  in  the  state.  The  mill 
is  much  smaller,  but  similar,  to  the  one  near  Armington. 
From  ten  to  fifteen  men  are  employed  at  the  mill  and  in  the 
mines,  and  the  products,  plaster  of  Paris  and  stucco,  are 
hauled  to  Bridger  from  where  it  is  shipped  by  rail  to  various 
points  in  the  state.  The  annual  output  from  this  plant  is 
very  much  smaller  than  at  Armington.  The  mine  is  located 
nearly  a  half  mile  from  the  mill  and  the  raw  gypsum  is 
hauled  this  distance  also.  The  deposit  that  is  being  worked 
is  from  ten  to  twelve  feet  thick  and  is  fairly  pure  gypsum. 
A  tunnel  (see  cut)  is  run  into  the  vein  about  300  feet  and 
the  rock  after  being  blasted  down  is  hauled  out  by  means  of 
tram  cars  on  ordinary  steel  rails. 

The  beds  dip  a  considerable  to  the  northeast  and  form 
part  of  a  beautiful  anticline  (see  cut).  Beneath  the  gypsum 
several  feet,  near  the  apex  of  the  anticline,  exceptionally 
good  oil  shale  is  found. 

This  gypsum  deposit  has  been  worked  for  some  time  but 
owing  to  the  distance  from  a  railroad  and  the  high  price  of 
teaming,  it  is  not  an  extremely  profitable  undertaking.  The 
refined  g>'psum  products  cost  $4  per  ton  freight  in  shipping 
to  any  large  cities  of  the  state,  and  the  material  itself  sells 
for  about  twice  that  figure.  With  high  teaming  rates  and 
one-half  of  the  selling  price  taken  for  freight  no  large  profit 
is  made  on  the  material.  However,  it  is  paying  a  small 
dividend  and  the  mill  still  continues  to  run.  The  altitude  of 
this  bed  is  about  4,200  feet. 

The  second  outcrop  is  between  eight  and  ten  (see 
sketch)  miles  from  the  first,  and,  while  it  has  never  been  de- 
veloped to  any  great  extent,  it  has  been  worked  enough  to 
show  that  it  is  much  thicker  and  as  free  from  int  erst  ratified 
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clay  as  the  first  deposit.  The  gypsum  is  as  pure  as  the 
former  and  the  area  of  the  bed  much  greater.  A  splendid 
outcrop  of  from  one  to  two  miles  is  shown  and  the  bed  is 
from  fifteen  to  twenty  feet  thick.  It  is  quite  near  the  south- 
em  border  of  Carbon  county  and  also  of  the  state,  and  is 
only  one  and  one-half  miles  from  Bowler,  a  station  on  the 
Cody  branch  of  the  B.  &  M.  railway.  This  is  a  good  deposit 
and  a  spur  from  Bowler  could  be  run  to  the  bed  with  very 
little  grading.  It  will  not  be  long  until  a  mill  will  be  placed 
at  this  outcrop  to  handle  this  immense  deposit. 

The  ifiirii  and  by  far  the  most  promising  and  largest 
bed  of  this  field,  and  the  thickest,  if  not  the  best  bed  in  the 
state,  is  located  about  i6  miles  south  and  east  of  Bridger 
and  about  six  miles  northeast  of  the  first  outcrop,  and  four 
or  five  miles  north  of  the  second  outcrop.  This  deposit  is 
owned  by  Messrs.  Hanley  and  Hough  of  Bridger  as  is  also 
number  two. 

This  bed  is  an  exceptionally  fine  one.  At  the  southern 
outcrop  its  thickness  is  about  twenty  feet,  and  it  gradually 
grows  thicker  to  the  northward  until  it  reaches  a  maximum 
thickness  of  fifty  feet.  This  is  about  one  and  one-half  miles 
from  the  first  southern  outcrop.  This  maximum  thickness 
continues  for  some  distance  when  a  gradual  thinning  out 
begins  until  about  three  miles  north  of  the  first  outcrop, 
where  the  thickness  is  about  fifteen  feet.  The  deposit  has  a 
north  and  south  strike  and  dips  a  few  degrees  to  the  south- 
west. The  material  is  as  pure  and  the  beds  as  free  from 
clay  as  any  in  the  state.  It  lies  immediately  on  the  "red 
beds"  or  red  sand  and  shale  formation.  The  Red  Beds  in 
this  region  are  from  400  to  600  feet  thick,  "having  a  north- 
west and  southeast  strike  and  continue  for  many  miles.  The 
gypsum  outcrops  which  cap  the  Red  Beds  may  be  traced  for 
at  least  fifteen  miles.     The  beds  are  undoubtedly  the  same 


)y  Google 


Montana  Gypsum  Deposits-  Rowe.  1 1 1 

geological  formation  and  also  a  continuation  of  the  gypsum 
beds  farther  south  in  Wyoming. 

This  bed  is  about  four  and  a  half  miles  from  Crockett, 
a  station  on  the  B.  &  M.  railway  branch  line  to  Cody.  The 
altitude  of  the  bed  is  4,800  feet.  The  valley  through  which 
the  railroad  passes  is  probably  400  to  600  feet  lower  than  the 
gypsum  outcrop.     From  Crockett  to  tlie  base  of  the  cliff  on 


which  the  gypsum  occurs,  it  is  almost  perfectly  level,  making 
thereby  an  easy  transportation  of  the  gypsum  or  gypsum 
products  to  the  railroad.  The  gypsum  at  this  place  is  cap- 
ped by  a  hard  thick  limestone.  This  limestone  formation  is 
exposed  to  the  west  and  this  surface  rock  covers  several 
hundred  acres.  The  limestone  is  covered,  in  some  places, 
by  a  thick  formation  bearing  numerous  Gryphaeae  and 
Belemnites,  and  again  above  this  is  found  a  very  hard  com- 
pact reddish  conglomerate  with  grains  varying  in  size  from 
a  hickory  nut  down. 


CroM  Btctlou  o(  Ojapnm  Depotlt  near  Crcwhett,  HoDbutai. 
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-  This  last  gypsum  deposit  is  such  a  promising  proposi- 
tion that  a  mill  is  expected  to  be  placed  on  the  property  and 
io  operation  within  another  year. 

It  thus  may  readily  be  seen  that  the  commercially  pro- 
ductive gypsum  deposits  lie  on  the  eastern  base  of  the  Rocky 
mountains  or  in  other  words  on  the  foot-hills  of  the  main 
range.  It  may  also  be  seen  that  the  deposits  are  numerous, 
quite  thick,  and  fairly  free  from  impurities.  They  also  have 
a  wide  range,  running  across  the  state  from  northwest  to 
southeast,  thus  making  it  possible  to  compete  in  every  town 
in  the  state  with  outside  products. 

Geological  Formations  of  the  Gypsum  Deposits, 

According  to  Weed  the  middle  field  belongs  to  the 
lower  Carboniferous.  The  writer  collected  several  good 
fossils  from  this  locality  during  the  past  summer  and  found 
that  the  gypsum  deposits  lie  directly  upon  (lower  Carboni- 
ferous) limestone.  The  fossils  gathered  from  the  limestone 
are  too  poor  for  specific  identification,  but  Dr.  T.  W. 
Stanton  recognized  the  genera,  Trigonia,  Pleuromya, 
Cyprina  ( ?)  and  Natica  ( ?)  all  from  the  Jurassic.  Farther 
west  this  dips  under  the  Cretaceous,  The  beds  from  all 
paleontological  evidence  belong  undoubtedly  to  the  Car- 
boniferous. 

Not  so  with  the  southern  beds.  According  to  Darton 
these  beds  rest  imniediatety  upon  the  Triassic  inasmuch  as 
they  rest  upon  the  typical  "red  beds."  There  is  no  paleon- 
tological evidence  here  that  the  "red  beds"  are  Triassic,  but 
immediately  above  the  gypsum  deposits,  stratigraphically 
and  paleontologically,  the  formations  belong  to  the  Jurassic. 
The  fossils  found  from  fifty  to  seventy-five  feet  above  the 
gypsum  deposits  in  Carbon  county  show  the  typical  marine 
Jurassic  as  found  in  the  northwest.  Some  of  these  fossils 
were  identified  by  Dr.  T.  \V.  Stanton  of  the  National 
Museum  and  they  were  Ostrea,  sp.,  Gryphaea  calceola  var. 
nebrascensis  M.  &  H.,  Belemnites  densus  M.  &  H.  The 
southern  beds  are  without  doubt  in  the  same  formation  as 
those  in  Wyoming,  and  according  to  Knight,  it  is  believed 
that  the  gypsum-bearing  beds  of  Wyoming  will  prove  to  be 
Permian.     So  until  farther  paleontological  evidence  is  found 
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these  beds  can  be  assigned  definitely  to  neither  Pertnian 
nor  Triassic. 

Analtbbs* 

Ntar  Armitigtov,  Motitttam.  Near  Bowler,  Montana. 

CaO 33.101       CaO  33.023 

&<)•    16.939        SO*    46.935 

Water a«.96<J      Water  81.048 

Total    100. 000  Total   100. OOO 


REVIEW  OF  RECENT  GEOLOGICAL 
LITERATURE, 

Tbe  Geotaorpbogeay  of  the  Upper  Kern  Basin.  Bt  Andisw  C.  Law 
BOH.  (Unlreraity  of  Callfornta  Publlcatlone.  Bulletin  of  the 
Department  of  Geology.  Vol.  3,  No.  15,  pp.  291-376.)  Price  65 
cents. 

Tbls  paper  gives  the  reeuItB  of  an  excursion  Into  ttie  high 
Sierra  at  the  eouthem  limit  of  Pleistocene  glaclatlon.  The  larger 
features  of  the  region  embrace  (1)  a  high  moaatain  tone,  including 
the  sammit  region  &ai&  snb  summit  pJAteaa,  the  last  representing 
a  partially  developed  peneplato,  (2)  a  bigb  raUej  zone,  which  In- 
cludes extensive  areas  of  the  upper  Kem  basin  from  8,000-11,000 
feet  above  sea  level  and  wtilch  represents  a  second  period  of  par- 
tial baseleveling,  (3)  the  cayon  zone  tbe  valley  of  the  Kem  and  Ita 
tributaries  which  have  been  cut  deeply  Into  the  floor  of  the  plateau 
which  comprises  the  high  valley  zone.  The  paper  takes  up  In  de- 
tail the  erosive  work  of  ice  during  the  Pleistocene, 

Two  new  hypotheses  of  general  Interest  are  offered  In  the 
Course  of  the  paper,  First,  that  the  flattened  summlte  of  some  <d 
the  higher  mountains  represent  aubfltantlally  the  contact  surface  of 
tbe  granite  batboUtb  of  tbe  Sierra  Nevada  and  the  overlying  meta- 
morphosed sedlmentaries.  The  discussion  seems  to  leave  this  as 
an  interesting  suggestion  rather  than  as  a  well-supported  theory. 
Th«  second  bypothesls  is  that  the  thirty-mile  rectilinear  north  and 
south  course  of  the  Kem  valley  Is  determined  by  a  line  of  rift. 
Tbe  discussion  leaves  this  as  a  much  more  probable  explanatlou, 
which  Is  especially  satisfactory  wben  we  are  seeing  fracture-oriented 
drainage  networks  evolved  by  guess-work  in  other  regions.  Certain 
peculiar  buttress-like  forms,  kcrh  bats,  are  explained  as  due  to  the 
differential  slipping  of  portions  of  the  west  wall  of  the  Kem  canyon. 
No  mention  is  made  of  more  than  one  glacial  period.  Tbe  Kem 
canyon  Is  U-shaped  In  Its  glaciated  portion,  but  professor  Lawson 
believes  that  the  glacier  bad  but  small  share  In  cutting  the  valley. 
Hanging- valleys  are  mentioned  but  are  not  considered  as  evidence 
•  Analysea  made  by  W.  O.  Dlcktnson,  AealHtant  In  Chemistry. 
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bearing  on  the  questloii  ol  gUtclal  eroelon.  It  seems  very  doobttol 
U  tbe  amouikt  of  material  In  tbe  terminal  moraine  in  anf  measure 
represents  tbe  amount  of  glacial  erosion  by  tbe  glacier;  terminal 
moraines  of  valley  glaciers  are  often  much  smaller  Uian  Uie  lateral 
moraines  and  In  many  cases  tbe  larger  part  of  tbe  material  remor- 
ed  has  been  carried  down  valley  beyond  the  moraine.  While  the 
amount  of  erosion  assigned  to  the  glaciers  in  tbelr  middle  and 
lower  course  Is  Inslgniflcant,  tbe  amount  credited  to  glacial  drqufl 
erosion  Is  very  great.  Professor  Lawson  agrees  with  Mr.  W.  D. 
Johnson  as  to  the  Importance  of  this  factor  In  mountain  sculpture 
and  believes  that  by  this  process  the  surface  of  Che  upper  part  of  the 
range  has  been  reduced  over  large  areas  to  a  distance  of  hundreds 
of  feet 

The  paper  not  only  gives  an  excellent  Idea  of  the  high  Sierra 
in  this  particular  area,  but  will  be  very  suggestive  to  any  one  who 
is  Interested  In  tbe  study  of  land  forma  In  high  mountains.    I*  <*.  W, 
Tbe  Geology  of  tbe  Moant  Loftj  Ranges.      Part  1.      Tbe  Coastal  Dis- 
trict.   Bv  W*LTBH  HowcKiN,  F.  G.  S.     (Trans.  Roy.  Soc.  South 
Australia,  vol.  izvill,  1904.) 

The  paper  describee  at  length  the  Cambrian  auccesston  as 
found  in  South  Australia.  There  Is  a  historical  Introduction  describ- 
ing the  work  of  A.  R.  C.  Selwyn,  O.  H.  F.  Ulrlch,  Ralph  Tate,  and 
'  other  pioneers. 

Mr.  Howchln  finds  the  following  order  In  the  South  Australian 
Cambrian: 

A     Purple  Slates,  quartzytes  and  limestones. 
B    Slliclous,  blue,  pink  and  dolomltlc  limestone. 
c    Banded  fllne  grained  clay  slates  and  shales. 
D    Glacial  till,  grit,  etc.,  with  erratics. 
E    StUctous  and  felapathic  quartzytee  and  pbyllytes. 
The  present  article  describes  rocks  of  the  flrst  three  divisions. 
In  division  A  beds  of  limestone  are  found  (up  to  100  feet  In 
thickness)  composed  almost  exclusively  of  the  remains  of  Archfe- 
ocyathlnse.    The    Lower    Cambrian   age    of    this    division    Is    aleo 
determined  on  the  authority  of  Ethertdge  and  of  Tate,  by  the  pres- 
ence of  Mlcrodiscus  and  Salterelta. 

Division  B  contains  limestones,  etc.,  that  are  of  considerable 
economic  Importance  being  used  for  "road  metal"  and  the  manu- 
facture of  Portland  (hydraulic)  cement 

There  are  numerous  stone  quarries  In  the  slaty  rocks  of  Divis- 
ion C,  the  material  taken  out  being  used  for  building  purposes  In 
the  city  of  Adelaide. 

Several  flue  plates  showing  flexed  and  distorted  strata  of  divis- 
ion A  at  Curlew  point  and  of  division  B  at  Field  R  accompany  the 
article.  There  is  also  a  plate  of  sections,  and  a  map  showing  thd 
distribution  of  the  several  members  of  this  series.  -..p.   m 
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CORRESPONDENCE. 

FORAJONIFKRA  COU-BCTTBD  rKOM  TBI  BLUFFS  AT    SaHTA  BaBBASA, 

Oaufornia  Daring  a  recent  visit  to  Santa  Barbara  the  writer  col- 
lected a  number  of  Fonmlnifera  from  the  Pleistocene  beds  In  tbo 
BryoEoan  sand  which  la  beautifully  exposed  on  the  beach  and  also  a 
number  bom  the  same  series  several  hundred  feet  higher  up  In 
tbe  hill  Mftkb  of  the  city.  WhUe  the  species  present  In  these  two 
horlxons  appear  to  be  almost  Identical  tbey  vary  remarkably  In  tbe 
number-of  fonns  present.  For  example  in  the  lower  beach  blttO  tbe 
species  most  abundant,  Polystomella  crlspa  (Linnfi),  is  not  at  all 
common  in  the  upper  hill  series.  Other  forms  are  plentiful  abovs 
but  seem  to  be  scarce  In  the  lower  bluff. 

The  fauna  Is  decidedly  north  temperate,  belonging  to  the  series 
described  by  Parker  and  Jones  in  tbe  Nortb  Atlantic  and  Arctic 
oceans  of  to-day.  There  are  however  a  few,  belonging  to  the 
Mlliolldae,  which  appear  to  belong  somewhat  farther  south.  There 
are  a  large  number  of  HlUolidae  belongtng  to  several  types  of 
which  Ulllollna  semlnulum  is  tbe  most  abundant,'  and  of  the  bilo- 
cultne  type  Btloculiua  rlngens  Is  all  abundant  in  the  hill  series  and 
rather  rare  In  the  bluff  beds  below.  The  Lagenae  present  In  both 
horizons  are  most  varied  and  beautiful  and  are  best  separated  from 
tbe  matrix  by  soaking  and  floating  off  on  water.  The  list  of  species 
identified  Is  as  follows.  Unless  otherwise  mentioned  the  species 
belong  to  both  tbe  beds  at  the  top  of  the  bill  below  the  city  and 
also  In  tbe  bluff  along  the  shore  near  the  wbarf. 

Tbe  formation  from  which  these  Foramlnlfera  are  obtained  baa 
been  very  ably  described  in  a  monograph  by  Ralph  Arnold  in  the 
Man.  Cat,  Acmd.  Sci.  vol.  Hi,  1B03.  (The  Paleontology  and  Strati- 
grapby  of  the  Marine  Pliocene  and  Pleistocene  of  San  Pedro,  Cal.> 
A'rar  Hill-Crest.  Beacb-BlaB 


Bllociillna  depressa  d'  Orblgny. 
"  ringens  (Lamarck). 

Bollvlna  punctata  d'  Orblgny. 
Bulimina  eubteres  Brady. 
Cassfdullna  crassa  d'  Orblgny. 
"  laevigata  d'  Orblgny. 

"  subglobosa  Brsdy. 

IHscorbtna  globularis  (d'  Orblgny). 
"  turbo  (d"  Orblgny). 

vllardeboana  (d'  Orblgny). 
Oaudryina  pupoldes  d'  Orbigny. 

"  rugoaa  d'  Orbigny. 

Globlgerina  bulloldee  d'  Orblgny. 
Lagena  globosa   (Montagu), 
gracilis  Williamson. 
"        lagenoides  (Williamson), 
laevls  (Walker  ft  Boys), 
marglnata  (Walker  ft  Boys), 
melo  d'  Orblgny. 
"       quadrata  Williamson. 


Rather  C^>mmoD    Rare 
All  Abundant  " 

Not  Common  " 

All  Abundant  Not  Common 

Not  Common  Com  &  Large 


Common 

Rare 

One 


Absent 

One 

Absent 

Not  Rare        Not  Rare 

Several  Rare 

Rare 

Rare 
Abundant       Abundant 

"  Not  uncommon 

Several  Rare 
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One 

Rare 

Abundant 

Not  uncomon 

Two 

Rare 

Rare 

Rare 

Several 

One 

Several 

Rare 

Four 

Rare 

Abundant 

Abundant 

Several 

Common 

One 

Fragment 


Two 


Abundant 
Rare 


semlBtriata  Williamson. 
"        squamosa   (Montagu). 
"        striata  d'  Orblgny. 
"        strlatopunctata  Parker  ft  Jones.  Two 
"        sulcata  (Walker  ft  Jacob). 
Mlliollna  auberlana  d'  Orblgny. 

"         bicomls  (Walker  ft  Jacob) 
"         cuvlerlaoa  (d'  Orblgny). 
"         llnnaeana  (d'  Orblgny). 
"         oblonga  (Montagu). 

pulchella  (d'  Orblgny). 
"         semiaulum  (Llnad). 

trlcarlnata  (d'  Orblgny). 
trigonula  Lamarck. 
"         venusta  (Karrer). 
Nodosaria  obllqua  (LlnnS). 

vertebrallB    (Batsch). 
Nonlonlna  depreseula  (Walker  ft  Jacob). 
scapha  (Flchtel  ft  Moll). 
Btelltgcra  d'  Orblgny. 
umbllicatula  (Montagu). 
Polymorphlna  communis  d'  Orblgny. 

complanata  d'  Orblgny.        aix 
"  compressa  d'  Orblgny. 

lactea  (elongate  Var.  W  ft  J)  One 
"  problema  d'  Orblgny.  " 

Polystoinella  crispa  <Llnn6).  Not  very  c 

"  subnodosa  (Munster). 

Spirolocullna  tenuis  (Csjtek).  One 

TruncBtullna  lobatula  (Walker  ft  Jacob).  Common 

t-arlablUs  d'  Orblgny.  "  (but  less  than  T.  loba- 

wuellerstorfl  (Scbwager).     One  [  tula)  Absent. 

ROFUS  M,  BaOO.  Jh 
MEKTiKa  or  Seotion  a  of  trb  American  PaiABoKTOLCOiCAi. 
SociKTY. — The  vertebrate  palaeontologists  had  an  interesting  meet- 
ing at  Philadelphia  during  Convocation  week.  Prof.  Henry  F.  Ob- 
bom  presided.  At  the  close  of  the  meeting  Prof.  W.  B.  Scott  was 
elected  prEsldent  and  Marcus  3.  Farr,  secretary,  for  the  coming 
year.  In  all  eighteen  papers  were  presented.  The  three  eeeslons 
held  did  not  fumUh  time  for  the  reading  of  all  these.  President 
Osbom  delivered  the  annual  address  on  "Ten  years'  progress  In 
Mammalian  Palaeontology."  This  is  to  be  published  In  full.  The 
last  session  was  occupied  in  a  dlscuaslon  on  the  phylogeny  and 
classification  of  the  reptiles.  Prof.  Oshora  opened  with  a  general 
review  of  the  subject,  pointing  out  the  gradual  development  of  the 
idea  of  a'  double  grouping  of  the  reptiles,  beginning  with  Baur's 
phylogeny  published  In  1S89  and  continued  In  the  discussions  of 
Cope,  Woodward,  Broom,  Noposa,  WUllBton,  Boulenger,  Osbom  and 
McGregor.  Prof.  Osbora  stated  that  the  chief  dlSerence  among 
writers  related  to  the  poaltioa  of  the  IchthyoBaurIa,  the  Sauro- 
ptergla,  and  the  Testudlnata.  Prof.  WiltUton  spoke  especially  re- 
garding the  pleslosaurB  and  turtles.  He  regarded  the  two  groups 
aa  fundamentally  different.  The  characters  distinguishing  them 
are  as  follows: 


One 


Not  Rare 
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Tnrtka.  PbaioMim. 

Vomer  unpaired.  Faired  Tomen, 

No     poBterlor     paraaplienoldaJ      A  seiwrate  parMphenold. 

process.  Oplstliotlc  not  separate. 

0]^tlioUc  Mparat«.  Cervlcals  from  thirteen  to  MT- 

Cerrlcal  Tcrt«brae  et^L  entr-slx. 

Ribs  Intercentral  la  attacbmukL      Rlba  dlapophystal  In  attachment. 
Ten  dorsal  Tortebrae.  Twenty  dorsals. 

Dr.  J.  H.  UcOregor  maintained  that  the  Ichthrosaurla  belong 
to  the  Dlapsida  and  that  the  closed  condition  of  the  temporal  root 
iB  secondary  In  nature.  Dr.  O.  P.  Hay  showed  that  the  original 
condition  of  the  temporal  region  was  a  covered  one,  as  shown  by 
the  skulls  of  the  prlmltWe  Amphlchelydia,  all  the  older  genera  ot 
turtles,  and  the  lower  fomllles  of  living  turtles.  The  roof  has  be- 
come reduced  through  excision  from  behlad  In  most  cases;  from 
below.  In  others.  Tbere  has  never  been  any  true  supratemporal 
fossa.  The  turtles  have  been  derived  from  the  Cotyloeanrla,  poa- 
slbiy  through  the  Chelydosaurla.  He  maintained  that  the  turtles 
and  the  pleslosaurs  are  so  dlDerent  that  they  belong  to  different 


A  paper  was  read  for  Dr.  P.  B.  Loomls  on. "The  Amherst  col- 
lege expedition  to  the  Wasatch  and  Wind  river  baalna  lo  1904." 
New  localities  for  vertebrate  fossils  were  found  and  some  Interest- 
ing forms  were  obtained.  Mr.  0.  A.  Petersen  reported  on  some 
Investigations  In  the  region  where  Daemonelix  Is  found.  He  con- 
cludes that  the  fossil  Is  the  burrow  of  the  rodent  Steneoflber.  Mr. 
Earl  Douglass  sent  a  paper  and  drawings  describing  a  monotreme- 
llke  mammal  from  the  White  River  beds  of  Montana.  Prof.  W.  Q. 
Scott  gave  a  most  Interesting  talk  on  South  American  ungulates. 
He  presented  a  classification  of  the  Notungulata  and  gave  the  char- 
acters of  the  divisions.    None  of  these  ungulates  possessed  homa 

Dr.  O,  P.  Hay  presented  a  paper  entitled  "On  the  group  of  fossil 
turtles  known  as  the  Amphlchelydia."  This  was  based  on  a  fine 
skeleton  of  Compiemys  plicmtnla  from  the  Jurassic  of  Wyoming 
and  several  good  skeletons  of  Baena  from  the  Brtdger  beds.  Thla 
group,  founded  by  Lydekheg^  Is  thoroughly  established.  There  can 
be  no  doubt  that  It  gave  origin  to  the  Cryptodlra  and  the  Pleurodlra. 
Extremely  interesting  papers  were  read  by  Dr.  Wm.  Patten  and 
Mr.  W.  J.  Sinclair,  the  former  on  "The  structure  of  the  Ostraco- 
derms,"  the  latter  on  "The  Marsupials  of  the  Santa  Cms  formation." 
Dr.  Patten  exhibited  a  splendid  collection  of  specimens  of  Both- 
rtolepl^.  Dr.  H.  S.  Fair  reported  on  the  discovery  of  many  mam- 
mals In  the  Fort  Union  beds  of  Montana.  Prof.  8.  W.  Willlston 
reported  on  an  Important  locality  for  Trlassic  vertebrates  near  Lan- 
der, Wyoming.  Many  One  remains  of  labyrtnthodonta  were  obtain- 
ed; also  of  dicyhodonts,  hitherto  not  found  In  America;  four  skulls 
of  phytosanrs;  and  other  remains  not  yet  determined. 

Dr.  E.  C.  Case  read  a  paper  entitled  "Characters  of  the  Chely- 
He  has  discovered  that  Cope'i  genus  Diadectes  really 
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belongs  to  the  Chelydosaurlm,  and  a  fine  aknll  enable!  Mm  to  shov 
that  the  group  possesBed  many  of  the  characters  of  tnrtles.  Dr. 
Case  is  convinced  that  the  turtles  originated  through  this  order  of 
reptllee.  Dr.  W.  D.  Matthew  described  a  new  Insectlvore  from  the 
Brldger  beds  of  Wyoming.  The  teeth  resemble  those  of  the  most 
primitive  creodonts,  the  skull  Is  most  like  that  of  the  Centetlda^ 
the  UmbB  are  speclalUed  for  digging,  and  the  tall  Is  long  and  verr 
massive.  This  Insectlvore  belongs  to  the  genus  Pantolestes.  Dr. 
R.  S.  Lull  read  an  Interesting  paper  on  "Footprint  Interpretation." 
He  has  been  able  to  correlate  Bome  <d  the  tracks  found  in  the  Con- 
necticut river  valley  with  dinosaurs  known  from  their  skeletons. 
Dr.  C.  R.  Elastman  sent  two  papers  "Fossil  bird  remains  from  At- 
missan,"  and  "Anazlmandar,  the  earliest  precursor  of  Darwin." 

Mr.  Banum  Brown  gave  an  account  of  the  exploration  of  a 
Pleistocene  fissure  In  northern  Arkansas,  from  which  he  has  taken 
nearly  two  thousand  identifiable  bones.  Most  of  these  belonged  to 
small  animals,  many  weasels  and  animals  which  had  been  dragged 
Into  the  fissure  by  these  weasels.  Remains  of  some  of  the  larger 
saimals  also  occurred,  such  as  saber-toothed  tigers,  deer,  hogs,  the 
musk  ox,  etc.  Although  many  of  the  fossil  species  cannot  be 
separated  from  living  forms'  the  large  number  of  extinct  species 
places  the  age  of  this  fauna  at  some  time  prior  to  the  middle 
Pleistocene.  O.   P     Hat. 

A  Rbfrbhcb  Library.  — I  have  a  number  of  books  on  Ameri- 
can geology,  chiefly  offlclal  reports  of  State  and  National  surveys, 
of  which  no  use  Is  now  made  because  my  needs  are  met  by  the 
library  of  the  United  States  Geological  Survey.  These  I  should 
like  to  place  In  some  institution  where  they  wHl  be  of  practical  ser- 
vice. For  particulars  address,  O.  K.  Gilbert,  U.  S.  Geological  Sur- 
vey, Washington.  D.  C. 


PERSONAL  AND  SCIENTIFIC  NEWS. 

Thk  Gheibs  of  the  Ptbbnbks.  According  to  J.  Roussel 
(Bull.  Geol.  Soc.  France,  4th  ser.,  4th  vol.,  pp.  380-386,  1904) 
the  gneiss  in  all  its  exposures  is  in  the  form  of  lenticular 
masses,  which  shows  that  it  does  not  exist  everywhere  at 
the  hase  of  the  sedimentary  rocks.  In  places  it  gives  way 
suddenly  to  crystalline  schists.   . 

The  great  masses  of  gneiss  present  all  the  characters  of 
typical  gneiss.  It  is  gray;  its  mica  is  white  or  black,  and 
always  more  or  less  clearly  disposed  along  parallel  sur- 
faces, these  surfaces  being  wavy  or  lumpy  by  the  formation 
of  crystals  of  feldspar  or  of  quartz.     The  parallelism  of  the 
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mica  is  not  the  only  character  of  this  gneiss.  It  is,  further- 
more, clearly  divided  into  strata  more  or  less  thick  which 
differ  amongst  themselves  by  their  coarseness  of  grain,  their 
richness  in  mica,  the  development  more  or  less  complete  of 
crjstallinity,  the  presence  or  absence  of  lenticular  crystals  of 
feldspar,  the  presence  or  absence  of  foreign  elements,  etc. 

This  division  into  strata  is  everywhere  very  distinct  in 
the  lower,  hence  the  older,  portion  of  the  formation. 

In  the  upper  part  the  parallelism  of  the  mica  is  less 
evident,  the  gneiss  passes  into  granite,  to  granulyte  and 
to  pegmatyte ;  and  in  certain  parts  of  the  Archean  sheets  of 
granite,  of  granulyte  and  especially  of  pegmatyte,  alternate 
with  crystalline  schists.  These  latter  are  ordinarily  glitter- 
ing, satiny  or  sericitic,  with  scales  of  white  mica  visible  to 
the  naked  eye  or  under  the  loup.  They  are  almost  every- 
where rich  in  minerals,  and  in  certain  cases  they  contain 
grains  of  quartz  and  thus  pass  to  mica  schist.  Everywhere 
the  true  mica  schists  occur  only  exceptionally  in  the  Py- 
renees, whether  in  the  region  of  the  gneiss  or  in  that  of  the 
crystalline  schists. 

Observation  shows  that  at  all  horizons  of  the  forma- 
tion of  the  gneiss  are  certain  rare  lentilles  of  crystalline  tal- 
cose,  chlorilic  or  amphibolitic  schists  or  of  calcareous 
cipolins. 

Not  only  do  we  see  in  the  upper  portion  crystalline 
schists  alternating  with  gneiss,  but  in  the  mass  of  the  gneiss 
itself  can  be  seen  inclusions  of  schists  not  completely  di- 
gested. 

Everywhere  the  gneiss  is  in  the  form  of  lenticular 
masses:  everywhere  it  terminates  cs  a  wedge  in  the  schists. 
At  the  points  where  it  ends  thus  it  can  be  seen  to  alternate 
sveral  times  with  the  crystalline  schists,  which  on  one  side 
penetrate  into  the  mass  of  the  gneiss,  while  on  the  other  it 
penetrates  into  the  schists.  This  can  be  observed  in  all  the 
exposures,  but  principally  in  the  high  valley  of  the  Soulcen, 
one  of  the  sources  of  the  Vicdessos. 

All  these  facts  prove  that  the  gneisses  and  the  schists 
of  the  Pyrenees  are  synchronous. 

The  geological  map  shows  that  the  gneiss  appears  in 
the  same  places  as  the  granite,  although  the  two  rocks  do 
not  mutually  interpenetrate.  They  are  both  confined  prin- 
cipally to  that  centra!  ridge  already  mentioned  and  which 
occupies  of  itself  a  fifth  part  of  the  mountain  chain.  This 
ridge  is  replaced  in  the  eastern  part  of  the  Pyrenees  by  the 
folds  cd  the  Canigau,  Raz-Mouchet  and  .\lbere;  and  it  is 
these  then  that  alternate  with  the  gneiss.  Another  place 
where  the  gneiss  and  the  granite  appear  is  in  those  ridges  in 
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which  Mount  Tabe  and  the  Trois  Seigneurs  form  the  cul- 
minating points,  and  which  extends  from  the  Mediterranean 
to  the  ocean.  In  these  places  the  gneiss  and  the  granite  are 
implanted  in  the  manner  of  a  wedge  in  the  sedimentary  for- 
mation which  they  turn  back  on  one  side  and  on  the  other, 
— but  with  this  difference,  that  the  gneiss  traverses  only  the 
crystalline  schists,  while  the  granite  appears  to  cross  all 
the  primary  rocks. 

The  gneiss  of  the  Pyrenees  outcrops,  therefore,  in  the 
same  places,  and  in  the  same  manner  as  the  granite.  It  em- 
braces, like  it,  the  schists  incompletely  digested,  and  alter- 
nates with  the  cipolins,  talcose  schists,  chloritic  or  amphi- 
bolitic.  and  with  the  true  crystalline  schists,  in  which  it 
forms  only  immense  lentilles.  In  its  upper  part  it  becomes 
granitoid  or  pegmatoid.  And  yet  it  is  the  true  gneiss,  lying 
at  the  base  of  all  the  formations. 

Dr.  Jos  A.  HoLJaES,  Superintendent  of  the  department 
of  Mines  and  Metallurgy  at  the  Louisiana  Purchase  Exposi- 
tion, was  presented  with  a  silver  cup,  or  trophy,  at  a  dinner 
given  at  the  St.  Louis  club  in  St.  Louis,  December  2y,  by  his 
colleagues,  in  testimony  of  their  appreciation  of  his  skillful 
work  in  the  organization  and  management  of  the  mining 
exhibits  at  the  exposition. 

Prof.  Benj.  W.  Frazieb.  of  the  department  of  miner- 
alogy' and  metallurgy  at  Lehigh  University,  died  Januarj-  4, 
at  63  vears  of  age. 

Prof  H.  F.  Obborn  will  deliver  a  series  of  six  lectures 
in  February  at  the  American  Museum  of  Natural  History, 
New  York,  on  the  "Evolution  of  the  Horse." 

Mr.  S.  Habbert  Hamilton  announces  that  he  has  sold 
to  the  Carnegie  museum  Pittsburgh,  Penna.,  Mr.  W.  W. 
Jefferis'  famous  collection  of  minerals,  with  the  under- 
standing that  it  is  to  be  known  in  perpetuity  as  "The  -W, 
W.  Jefferis  Mineral  Collection  of  the  Carnegie  Museum." 
Mr.  JoFTerls  began  the  collection  ot  minerals  more  tban  aeventy 
years  ago.  Llvfng  at  West  Chester,  Chester  county,  Penna,,  he 
had  unusual  opportuaftles  of  collecting  choice  spectmene  from  the 
ancient  gneisses,  serpentines  and  limestones,  aa  well  as  from  the 
trap  rochs,  ol  eastern  Pennsylvania,  New  Jersey  and  New  York,  for 
at  that  time  mining  was  carried  on  more  extensively  In  this  region 
than  at  present,  Mr.  Jefferis  did  not  confine  himself  to  this  local- 
ity, however,  In  his  search  for  minerals,  but  also  visited  northern 
New  York,  Canada  and  Europe;  and  In  making  exchanges  with 
other  collectors  all  over  the  world  he  sent  out  hundreds  of  boxes 
of  minerals.  He  spent  as  lavishly  of  his  means  as  he  did  of  his 
time  In  gathering  together  with  the  eye  of  a  connoisseur,  this 
marvelous  collection,  so  that  It  now  goes  to  Pittsburgh  as  one  of 
the  flncat  private  collections  of  minerals  In  America. 

Mr.  Jcttcrls.  although  primarily  a  collector,  was  also  a  die- 
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coverer  and  pontrlbutor  to  science.  He  furnished  Geo.  J.  Brush,  J. 
Lawreace  Smith,  C.  U.  Shepard.  P.  A.  Genth,  J.  P.  Cooke,  J.  D. 
Dans,  P.  W.  Clarke  and  many  otber  iDvestigators  wltta  material, 
as  the  fliefl  of  original  letters  which  go  to  Pittsburgh  with  tlie  col- 
lection abundantly  testify. 

Aquacreptlte  (Shepard),  euphylllte  (Sllllman  Ir),  JeHersitfl 
(BruBb),  emerald  nickel  (zaratlle),  melano  side  rite  (Cooke),  roselte 
(JeSerls),  palnterlte  (Jefferls),  were  discovered  by  Mr.  Jefterle.  In 
addition  to  new  minerals  Mr.  Jefferls  aided  largely  In  extending  the 
known  dlstrlbutloQ  of  minerals  and  in  furnishing  material  for  the 
re-eiamlnation  of  old  and  poorly  known  ones.  Dana  drew  largely 
from  Mr.  Jefferls  notes  and  specimens,  some  of  which  were  figured 
1b  his  "System  of  Mineralogy."  Genih's  "Mtneralogj'  of  Pennsyl- 
Tania"  Is  greatly  Indebted  to  Mr.  Jefferls  labors  In  the  field. 

Df,  Rufus  M.  Bagg.  Jr.  i.s  in  Mexico  examining  sever- 
al mining  properties.  His  permanent  address  is  West 
Springfield,  Mass. 

The  Seventeenth  Meeting  of  the  Geological  Society 
OF  America  wa,s  liekl  at  Philadelphia,  December  29,  30 
and  31.  The  president,  Dr.  J.  C.  Br?,nner,  presided  and  gave 
his  retiring  address,  the  subject  of  which  was  "Geological 
and  Geographical  Studies  on  the  northeast  coast  of  Brazil." 
Sixty-one  titles  were  listed  on  the  program.  The  reports 
of  the  officers  showed  that  the  society  is  in  a  flourishing 
condition.  A  total  of  sixty-eight  fellows  have  been  enrolled 
for  life  by  the  payment  of  the  one  hundred  dollar  commuta- 
tion fee.  The  present  membership  is  259.  Memorials 
were  read  of  deceased  fellows  as  follows: 

C.  E.  Beecher,  by  Cha.s.  Schucheit, 

J.  F.  Hatcher,  by  \V.  B.  Scott. 

Henrv  McCalley.  by  Eugene  Smith. 

W.  H.  Pettee,  by  I.  C.  Russell. 

Charles  Schaeffer,  by  Ar.gelo  Heilprin. 
The  president-elect  is  Prof.  R.  Piimpelly. 
Moraines  of  Seneca  and  Cavuoa  Lakea  —During  the 
recession  of  the  Wisconsin  ice  sheet  a  stand  was  made  near 
the  heads  of  the  two  lake  valleys — Cayuga  and  Seneca.  This 
major  ice  stand  consisted  of  a  series  of  minor  halts  in  the 
receding  ice  which  projected  lobe.s  up  the  two  lake  valleys, 
and  minor  lobes  into  the  side  valleys.  By  reason  of  the 
irregularity  of  topography  and  the  several  minor  halts,  a 
complex  series  of  moraines  was  accumulated,  both  as  lateral 
and  terminal  deposits,"  the  latter  being  developed  with  es- 
pecial intensity  in  the  two  major  valleys  south  of  the  heads 
of  the  lakes.—  .*.  S.   Tarr. 

The  Great  Flat  AT  BcTTK  is  .shown  to  be  an  old  valley 
leveled  by  the  wash  of  torrents,  and  the  peculiar  mountain 
basin  known  as  Elk  Park,  which  now  drains  into  the  At- 
lantic, is  shown  to  he  the  headwater  portion  of  a  valley 
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whose  eastern  end  has  been  faulted  and  tilted  northward. 
The.  facts  presented  in  this  rather  Umited  area  apply  to  the 
remarkable  series  of  north  and  south  valleys  fjlled  with 
alluvial  and  supposedly  lacustrine  sediments  found  through-t- 
out the  mountainous  region  of  Montana.     tV.  H.    Weed. 

Celestite-BeaeinoK<ick8— Asludyof  the  rocks — shales 
and  dolomitic  limestones — of  the  upper  portion  of  the  Salina 
epoch  in  centra!  \ew  York  shows  that  celestite  occurs  quite 
widely  disseminated  throughout  them  (i)  in  the  form  of 
well  developed  crystals  and  (2)  in  small  circular  spots.  The 
celestite  was  no  doubt  deposited  simultaneously  with  the 
rock  material.  The  rocks  on  the  Island  of  Put-In-bay,  lake 
Erie,  and  in  southern  Michigan,  especially  those  at  the 
Maybee  quarrj',  Monroe  Co.,  show  a  similar  occurrence  of 
celestite.  When  celestite  bearing  rocks  are  leached  by  the 
action  of  circulating  water  the  celestite  passes  quite  readily 
into  solution  and  the  rock  then  assumes  a  porous  character; 
in  this  manner  the  so-called  "vermicular  limestones"  of  New 
York  and  also  the  "gashed"  and  "acicular"  dolomytes  of 
Michigan  may  be  explained,     E.  H.  Kraus. 

Additional  Awards  to  the  GEOLooirAL  Scrveys  Exhibit- 

i:«0  PCJBIJCATIONS  AT  THE  WoitLD'8  FaIB,  St.  LoLTf,    Mo. 

Grand  Prizes  were  Aivarded  to  the  Felhwing: 

The  Geological  Survey  of  India, 

The  Geological  Survey  of  France, 

The  Geological  Survey  of  Mexico. 

The  SeismologicaJ  Survey  of  Japan. 

Sillier  Medals  were  Awarded  Ike  Following         , 

The  Geological  Survey  of  Louisiana. 

The  University  of  Texas  Mineral  Survey. 

University  Geological  Survey  of  Kansas. 

The  Geological  Survey  of  Wyoming, 

The  exhibit  of  the  geological  survey  of  North  Carolina 
was  not  eligible  for  an  award  on  account  of  the  fact  that 
the  geologist  in  charge  of  that  survey  was  also  chief  of  the 
Department  of  Mines  and  iretallurgy  at  the  Exposition,  and 
a  member  of  the  superior  jury  granting  the  awards. 
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JOHN   BELL  HATCHER* 
Charles  Schdchbrt,  New  Hiven,  Conn- 

PORTRAIT  PLATS  XI. 

The  daily  morning  papers  of  July  5,  1904,  announced 
the  death,  on  July  3,  of  one  of  America's  most  distinguished 
paleontologists,  John  Bell  Hatcher.  Early  in  June  he  was 
in  Washington  and  in  New  Haven,  studying  the  Ceratopsia 
of  the  National  and  Yale  University  museums.  While  with 
the  writer  at  that  time  he  more  than  once  complained  of 
being  tired,  somewhat  listless,  and  til.  but  these  feelings 
were  ascribed  to  overwork.  He  returnc-d  home  full  of  plans 
for  the  future,  including  another  trip  to  Patagonia,  little 
thinking  that  he  was  then  doomed.  His  vitality  had  been 
severely  taxed  in  Patagonia,  and  this  combined  with  the 
strenuous  nature  of  his  entire  life  made  him  physically  un- 
able to  withstand  an  attack  of  typhoid  fever,  the  presence  of 
which  had  not  been  determined  until  a  week  or  ten  days 
before  he  died.  His  death  is  all  the  more  keenly  felt  be- 
cause he  was  less  than  43  years  of  age,  and  because  it  fol- 
lowed so  soon  after  the  demise  of  another  distinguished 
paleontologist,  Charles  E.  Beecher. 

John  Bell  Hatcher,  the  son  of  John  and  Margaret  C. 
Hatcher  of  Virginia,  was  born  at  Cooperstown.  Brown 
county,  Illinois,  October  11,  1861.  His  parents  removed  to 
Greene  county,  Iowa,  when  he  was  very  young.  In  his 
childhfXHl  he  was  not  strong  and  received  his  early  educa- 
tion from  his  father,  who  in  the  winter  months  combined 

•  Sketches  at  HKtcber  have  appeared  u  IoIIowb:  Wa.  B.  Scott,  Sd- 
tma.  July  B,  IKH.  pp.  ia»-14£.  W.  J.  Holumd,  ^mmili  CanutU  i/uii- 
HM,  II,  IBM,  pp.  tt7-«M.  portrait.  GB0«0K  F.  KatOH.  Amtr-  Viiir  Sti., 
Aiupuat,  UM;  pp.  ISM.  vt .  J.  Holland,  Ga/.  Mag.,  Ixindan,  Nov.-.  UiM,  pp. 
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teaching  in  the  schools  with  the  labor  of  his  farm.  As  a 
boy  he  grew  stronger  and  worked  as  a  coal  miner ;  from  the 
income  thus  received  he  saved  sufficient  money  to  enable 
him  to  go  to  college.  In  18S0,  he  entered  Grinnell  College, 
Iowa,  but  soon  left  for  Yale  University,  where  in  1884  he 
was  graduated  from  the  Sheffield  Scientific  School.  When 
a  coal-miner  his  attention  had  been  directed  to  geology  and 
paleontology,  and  he  then  inade  a  small  collection  of  Car- 
boniferous fossils.  These  he  brought  to  New  Haven  and 
showed  to  professor  Brush,  who  later  introduced  him  to 
professor  Marsh,  and'  thus  was  started  his  career  in  paleon- 
tology. He  impressed  upon  Marsh  that  he  wanted  to  col- 
lect and  study  fossils,  and  that  he  was  willing  to  work  at 
almost  any  salary. 

The  graduating  exercises  hardly  over.  Hatcher  started 
on  a  collecting  tour  for  Marsh,  June  25,  18S4,  for  Long 
Island,  Kansas,  where  he  was  for  a  time  associated  with 
Mr.  Charles  H.  Sternberg.  After  a  month's  apprenticeship 
he  began  to  collect  independently  and  soon  became  the 
foremost  collector  of  fossil  vertebrates  in  this  country. 
While  with  Marsh,  from  1884  to  1893,  nearly  all  his  time 
was  devoted  to  collecting.  In  1884,  he  was  in  Kansas  until 
late  in  November,  then  spent  the  winter  months  until  the 
latter  part  of  March  around  Wichita  Falls,  Texas,  collect- 
ing Permian  reptiles.  Most  of  the  year  1885  was  spent  in 
a  second  tour  about  Long  Island,  Kansas.  In  1886,  he  col- 
lected in  the  Pliocene  and  Oligocene  formations,  mostly 
near  Chadron,  Nebraska,  sending  to  Yale  carloads  of  mate- 
rial from  the  Brontotherium  beds.  This  was  his  first  great 
year  as  a  collector  and  eVer  afterward  new  and  fine  speci- 
mens of  mammals  and  reptiles  came  in  in  a  steady  stream. 
It  will  be  many  years  before  all  these  collections  are  work- 
ed out. 

It  is  probable  that,  owing  to  the  strenuous  way  in 
which  Hatcher  worked  in  the  field,  his  great  summer's  toil 
of  1886  taxed  his  strength  too  severely,  for  much  of  the 
winter  of  1886^7  he  lay  in  the  hospital  at  New  Haven  suf- 
fering from  inflammatory  rheumatism.  However,  early  in 
March,  1887,  he  was  again  back  at  Chadron  for  more  Bran-- 
totherivm    material.       During  the  late  autumn  and  winter. 
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months  he  collected  in  the  older  Mesozoic  deposits  around 
Washington,  D.  C,  Richmond,  Va.,  and  in  North  Carolina. 
The  age  of  these  beds  had  heretofore  not  been  satisfactorily 
determined,  but  here  as  elsewhere  Hatcher  was  successful 
in  securing  near  Washington  considerable  dinosaur  mate- 
rial, which  thus  enabled  Marsh  to  prove  the  presence  in  this 
region  of  the  Upper  Jurassic  formation.  In  1888  he  was. 
again  at  Long  Pine  and  Chadron,  but  also  investigated  new 
regions— the  Judith  river  of  Montana  and,  Hermosa,  South 
Dakota.  In  the  spring  of  1889  he  discovered  the  first 
Trkeratops,  near  Lusk,  Wyoming,  and  continued  to  ex- 
hume these  large  and  remarkable  dinosaurs  until  1892. 
During  this  time  he  took  up  not  less  than  50  individuals  of 
Ceratopsia,  33  of  which  had  more  or  less  perfect  skulls ;  also 
parts  of  ten  or  more  and  two  remarkably  complete  skele- 
tons of  Ciaosaurus  now  mounted  in  high  relief — one  at  the 
U.  S.  National  Museum,  the  other  at  Yale,  During  this 
period,  also,  he  collected  in  a  new  and  novel  way  many 
Laramie  mammals  from  ant  hills.  To  secure  these  small 
remains,  one  man  would  hold  a  bag  while  another  would 
throw  into  it  rapidly  several  shovelfulls  of  the  "mammal,- 
sand,"  leaving  the  bag  until  the  next  day,  when  all  the  ants 
would  be  found  to  have  crawled  out  of  the  dirt. 

When  with  Marsh  at  New  Haven,  Hatcher's  time  was 
devoted  to  the  preparation  and  study  of  the  fossils  he  had 
collected,  and  to  familiarizing  himself  with  them  as  an  aid 
to  further  field  work.  From  1884  to  1892  he  sent  in  nearly 
900  boxes  of  vertebrate  material.  As  a  rule,  these  boxes 
were  of  large  size,  and  one  exceeded  three  tons  in  weight. 
This  huge  box  (about  le  feet  long,  5  feet  wide  and  6  feet 
deep)  contained  the  largest  known  skull  of  TrUeralfpi, 
had  to  be  lifted  out  of  a  ravine  fifty  feet  deep,  and  hauled  to 
the  railroad  over  a  trackless  country  and  through  streams 
for  more  than  forty  miles.  It  is  no  exaggeration  to  state 
that  during  the  20  years  of  Hatcher's  paleontolo^cal  activ- 
ity, he  with  the  assistance  of  a  few  field  helpers  sent  to  the 
U.  S.  National  Museum,  and  to  Yale,  Princeton,  and  Car- 
negie museums,  not  less  than  1500  boxes  of  fossils.  This 
is  a  record  that  will  stand  unequaled,  a  work  that  Hatcher 
loved,  resulting  in  material  part  of  which  he  hoped  it  would 
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be  his  lot  to  study.  After  Marsh'^  death  the  uncompleted 
Ceratopsia  volume  was  assigned  to  Hatcher  by  the  U.  S. 
Geological  Survey.  This  gave  him  much  gratification,  for 
he  was  thus  enabled  to  associate  his  name,  not  only  as  a 
collector,  but  also  as  a  student,  with  these  great  and  curious 
beasts,  all  of  which  he  had  discovered  and  taken  up.  In 
this  work  again  was  shown  his  unbounded  enthusiasm  and 
strenuosity,  as  nearly  all  the  liberal  financial  allotment  from 
the  U.  S.  Geological  Survey  was  spent  by  him  on  pre- 
parators,  draughtsmen,  and  clerks.  Not  more  than  a  few 
hundred  dollars  remained  for  his  own  services,  but  at  any 
cost  the  volume  must  be  completed  by  July  i,  1904,  and  this 
would  have  been  accomplished  had  not  sickness  overtaken 
him.  However,  it  is  a  source  of  great  satisfaction  to  his 
friends  that  he  Itft  the  manuscript  and  drawings  for  this 
large  volume  nearly  finished. 

Of  his  unequaled  ability  in  the  field.  Scott  has  said : 
"Hatcher  had  a  positive  genius  for  that  particular  kind  of 
work.  •  »  *  Marvelous  powers  of  vision,  at  once  tele- 
scopic and  microscopic,  a  dauntless  energy  and  fertility  of 
.  resource  that  laughed  all  obstacles  to  scorn.  *  *  *  He 
may  be  said  to  have  fairly  revolutionized  the  methods  of 
collecting  vertebrate  fossils,  a  work  which  before  his  time 
had  been  almost  wholly  in  the  hands  of  untrained  and 
unskilled  men,  but  which  he  converted  into  a  fine  art." 

In  the  spring  of  1893  Hatcher  accepted  a  call  to  Prince- 
ton University  as  curator  of  vertebrate  paleontology  and 
assistant  in  geology.  Of  his  career  at  Princeton  Scott  iias 
stated :  He  "at  once  threw  himself  into  his  new  duties  with 
characteristic  ardor.  For  the  three  summers  of  1893-5.  *i* 
conducted  field-parties  of  students  through  large  parts  of 
Utah,  Wyoming  and  South  Dakota  and,  with  all  of  his 
old  interest  and  skill,  gathered  priceless  collections  of 
mammals  from  the  Uinta,  White  Rjver,  Loup  Fork  and 
Sheridan  beds,  accomplishing  wonders,  in  spite  of  scanty 
resources  which  sadly  hampered  his  plans.  His  students 
became  his  enthusiastic  friends  and  admirers,  glorying  in 
the  courage  and  devotion  which  overcame  every  obstacle, 
material  or  moral.  In  return.  Hatcher  took  the  warmest 
interest   in  his  students,   especially   in    those    who    were 
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strug:gling  against  difficulties  to  secure  an  education;  in 
the  quietest  and  most  unostentatious  way  he  was  contin- 
ually devising  effective  means  to  help  such  students  to 
help  themselves  and  thus  enabled  them  to  continue  their 
studies  without  any  impairment  of  their  self-respect. 

"The  most  important  work  which  Hatcher  undertook 
during  his  connection  with  Princeton  was  his  exploration 
of  Patagonia  in  the  years  1896  to  1899-  The  plan  was  all 
his  own  and  was  not  proposed  to  the  geological  depart- 
ment until  everything  was  nearly  ripe  for  action;  he  se- 
cured the  greater  part  of  the  necessary  funds  and,  with 
characteristic  generosity,  was  himself  a  liberal  contributor. 
How  successful  this  great  undertaking  was  is  very  geaer< 
ally  known.     *     •     ♦ 

"The  principal  object  of  the  expeditions  was  to  gather 
the  most  extensive  possible  series  of  the  fossil  mammals 
for  which  Patagonia  has  been  so  famous  since  the  days  of 
Darwin's  'Voyage  of  the  Beagle,'  and  next  to  determine 
the  stratigraphical  succession  of  the  beds  in  which  these 
fossils  occur.  This  involved  extensive  explorations  of 
regions  where  no  while  man  had  ever  been  before  and 
brought  to  light  much  geographical  information.  At  the 
same  time,  the  plants  and  recent  animals  were  collected,  so 
far  as  it  was  possible  to  do  so  without  sacrificing  the  prin- 
cipal end  in  view,  and  in  these  departments  also  an  unex- 
pected measure  of  success  was  attained,  and  a  represen- 
tative series  illustrating  the  botany,  zoology  and  paleon- 
tology of  Patagonia  was  secured. 

"Hatcher  then  conceived  the  plan  of  publishing  to- 
gether in  one  uniform  series  of  reports,  by  the  hands  of 
different  specialists,  all  these  results,  which  would  other- 
wise necessarily  appear  in  separate  form,  scattered 
thioug^out  the  various  technical  journals.  This  plan  was 
submitted  to  Mr.  J^  Pierpont  Morgan,  and  to  his  liberality 
it  is  due  that  this  cherished  scheme  is  now  in  process  of 
realization  and  in  a  manner  surpassing  the  hopes  of  its 
original  proposer,  *  •  •  He  [Hatcher]  has  raised  for 
himself  an  enduring  monument  in  these  volumes,  which 
owe  their  existence  to  him,  however  much  or  little  may  be 
his  verbal  contribution  to  their  contents," 
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On  February  i,  1900,  Hatcher  accepted  the  position  of 
curator  of  paleontology  and  osteology  in  the  Museum  of 
the  Carnegie  Institute,  Pittsburg,  Pennsylvania.  Here  he 
had  the  generous  support  of  the  founder  of  the  museum, 
and  for  four  summers  carried  on  explorations  in  the  west- 
ern states.  Most  of  his  papers  were  written  while  at  Pitts- 
burg, and  one  of  the  best  is  the  description  of  Dtplodocui 
carnrgit-  It  is  Mr.  Andrew  Carnegie's  wish  that  a  life-size 
reproduction  of  this  animal,  based  on  the  Pittsburg  speci- 
men, be  presented  to  the  British  Museum  of  Natural 
History.  During  the  18  months  previous ,  to  last  July, 
Hatcher  had  been  supervising  the  making  and  mounting  of 
this  great  restoration,  which  was  completed  while  he  lay 
on  his  sick  bed. 

Of  Hatcher's  expeditions  into  the  western  regions  he 
wrote  no  narrative,  but  of  his  g«at  expedition  into  Pata- 
gonia he,  in  1903,  presented  a  splendid  and  most  interesting 
quarto  volume  of  314  pages.  This  monumental  work,  en- 
titled "Narrative  and  Geography,"  is  inscribed  to  the  man 
that  found  Hatcher,  in  the  following  simple  words:  "To 
the  memory  of  Othniel  Charles  Marsh,  student  and  lover 
of  nature,  this  volume  is  dedicated  by  the  author."  Of  this 
volume  Dr.  Dall,  himself  an  early  explorer  in  similar  lands 
in  Arctic  regions,  has  given  a  splendid  summary,  quotations 
from  which  are  here  given: 

"About  half  the  total  area  of  the  region  consists  of 
vast  terraced  plains  intersected  by  river  canyons  and  of  a 
subarid  character,  which,  in  the  central  portion,  have  been 
overflowed  by  lava  beds  covering  hundreds  of  square  miles. 
To  the  westward,  out  of  a  very  mountainous  region,-  rises 
the  Andean  range,  cut  here  and  there  by  rivers  which  rise 
in  lakes  on  its  eastern  side. 

"At  the  base  of  the  Andean  mountains  the  Patagonian 
plains  have  an  altitude  of  3,000  feet,  and  slope  very  gently 
to  the  eastward.  About  fifty  miles  from  the  Atlantic  coast 
they  descend  more  rapidly  by  a  series  of  terraces  or  escarp- 
ments which  face  to  the  eastward.  The  lowest  of  these 
has  an  average  altitude  of  350  feet  and  terminates  in  abrupt 
cliffs  which,  for  a  thousand  mites,  constitute  the  margin 
of  the  land,  except  for  a  narrow  beach  at  the  base,  which. 
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at  high  water,  is  covered  by  the  sea  or  drenched  with  the 
spray  of  a  perpetual  and  tremendous  surf. 

"Scanty  grasses  with  stunted  shrubbery  in  occasional 
patches  are  characteristic  of  these  vast  and  silent  stretches, 
redolent  of  loneliness  which  grips  the  imagination. 

"In  the  narrow  canyons,  or  by  the  rivers  in  broad  val- 
leys of  erosion,  the  traveler  may  come  upon  green  spaces 
where  the  vegetation  breaks  into  a  joyous  luxuriance, 
where  birds  abound,  and  deer  and  other  animals  meet  man 
with  fearless  curiosity.  Here  the  eye  may  search  ip  vain 
for  a  limit  to  a  basaltic  desert  extending  in  flat  and  stem 
monotony  for  leagues  beyond  the  visible  horizon.  There 
some  broad  salt  pan  with  deceptive  mirage  mimics  the  pre- 
historic lake  of  which  it  forms  the  dregs.  At  times 
wrapped  in  gloomy  fogs  or  swept  by  tempests  of  incredible 
violence;  fronting  the  towering  Atlantic  surges  with  un- 
shaken cliffs  and  serrate  talus,  looking  out  to  shifting  bars 
of  sand,  the  terror  of  the  navigator;  a  vast  cemetery  for 
ghostly  herds  upon  the  like  of  which  alive  no  man  has  ever 
gazed;  it  is  a  strange,  silent,  bitter,  lonely  land. 

"How  our  author  went  out  into  it,  what  he  met,  and 
how  he  fared,  are  told  in  modest  yet,  most  interesting 
fashion  in  this  stately  quarto.  His  story  is  so  interesting 
and  the  unpretentious  courage  of  the  narrator  so  evident, 
the  spirit  of  the  land  and  its  mysterious  fascination  so  fully 
expressed,  that  few  will  close  the  book  without  a  regret 
that  it  can  not  reach  a  wider  audience.  It  is  really  too 
good  to  be  reserved  for  the  readers  of  quartos. 

"The  volume  is  so  full  of  scientific  meat  that  it  is  diffi- 
cult to  make  a  satisfactory  abstract,  and  impossible  to  con- 
dense it  within  the  limits  of  such  a  review  as  this.  There 
is  something  for  every  taste.  The  life'of  bird  and  beast; 
the  phases  and  contrasts  of  vegetation;  the  life-  of  the 
Tfthuelche  Indians  and  the  waifs  who  have  cast  civilization 
aside  like  a  garment,  at  the  call  of  the  wild ;  .the  topo- 
graphy and  geology ;  and  mingled  with  it  all  a  flavor  of  real 
North  American  character  to  which  something  in  each 
reader's  soul  will  leap  with  sympathy  and  admiration."  " 

In  character  Hatcher  was  a  very  plain,  unassuming, 
hard  working,  resourceful  man, — honest,  devoted,  fearless. 
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determined,  and  strenuous  to  a  remarkable  degree.  He 
hated  pretense  of  any  sort.  He  possessed  a  singularly 
original  and  independent  mind  and  the  keenest  powers  of 
observation. 

Hatcher  was  32  years  of  age  when  his  first  paper  was 
published,  and  during  the  last  ten  years  of  his  life  he  wrote 
46  articles,  the  largest  of  which  is  the  "Narrative  and  Geo- 
graphy" of  Patagonia.  In  manuscript  he  has  another  large 
volume — "A  monograph  of  the  Ceratopsia" — nearly  com- 
pleted. There  is  considerable  variety  in  his  work,  as  may 
be  seen  from  the  following  summary :  25  papers  are  pale- 
ontologic,  16  stratigraphic,  4  physiographic,  i  ethnologic, 
and  I  a  narrative. 

While  Hatcher  is  famous  as  a  collector  of  vertebrate 
fossils  and  as  a  Patagonian  explorer,  he  also  stands  among 
the  leaders  of  vertebrate  paleontologists.  His  biologic 
work  is  that  of  a  careful  osteolo^st,  never  going  deeply 
into  morphology.  He  likewise  attained  pre-eminence  as  a 
stratigraphic  vertebrate  paleontologist.  During  the  past 
twenty  years  he  entered  the  field  each  year  for  many 
months  at  a  time,  and  saw  more  varied  stratigraphy  and 
collected  more  vertebrate  remains  than  any  other  man. 
Outside  of  the  Triassic  and  the  Lower  Cretaceous,  he  had 
studied  all  the  formations  of  the  Mesozoic  and  Cenozoic 
of  the  great  West.  This  knowledge  was  to  bear  fruit  in 
the  coming  years,  as  he  had  agreed  to  cast  in  his  lot  with 
the  U.  S.  National  Museum  and  to  take  advantage  of  the 
splendid  opportunities  for  consultation  with  the  many  ac- 
tive geologists  and  paleontologists  of  the  U.  S.  Geol<^cal 
Survey.  His  greatest  days  were  to  come,  and  four  mu- 
seums were  to  reap  the  harvests  of  his  stratigraphic 
knowledge  and  thus  to  place  vertebrate  paleontology  upon 
a  sounder  chronologic  basis.  "Hatcher  was  cut  off  just 
when  his  powers  and  opportunities  had  reached  their  fullest 
development  and  the  boundless  field,  in  which  he  so  loved 
to  work,  lay  open  and  unrestricted  before  him."     (Scott). 

In  1887,  he  married  Miss  Anna  M.  Peterson,  who  with 
four  children  survives  him. 
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PLATE  XII. 

Prominent  es-   , 
carpments    form 
the  western  mar- 
gin   of    the    Red , 
river  valley  in  the 
vicinity  of  the  in-  ' 
temational   boun- 
dary, in  both  N. 
Dakota  and  Mani- 
toba.    These  are  knowji  locally  as 
the  "Pembina  mountains."     A  maxi- 
mum development   is   reached  i 
the  Pembina  river  where  elevations 
of  600-700  feet  above  the  adjacent 
plain  are  common  and  form  a  strik- 
ing relief  from  its  monotony. 

Streams  entering  the  Red  river 
valley  in  this  region  have  in  all  cases 
cut  deep  gorges  into  the  margin  of 
these  escarpments  and  have  worked 
back  variable  distances  into  the 
highlands  beyond.  By  far  the  most 
important  of  these  is  the  Pembina 
river.  The  Little  Pembina  is  its 
main  tributary  and  this  together  with  the  Tongue  river  10 
miles  farther  south  completes  the  list  of  streams  to  which 
frequent  reference  will  be  made. 

The  Pembina  has  cut  a  gorge  500  feet  deep  and  half  a 
mile  wide.  Relief  resulting  from  the  work  of  this  river 
and  its  tributaries  forms  the  most  prominent  physiographic 
feature  of  Cavalier  county,  North  Dakota.  At  many  places 
along  the  gorges  the  bluffs  are  bold  and  bare  exposing  all 
rock  formations  in  detail.  At  all  other  points  a  moderate 
covering  of  glacial  drift  and  soil  conceals  the  underlying 
rocks.  The  covering  is  seldom  more  than  20  to  30  feet 
thick   on   the   highland   country.     In   places   large   granite 
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boulders  are  an  abundant  constituent,  contrasting  strongly 
with  the  clayey  local  fades  or  the  still  less  common  gravel, 
sand,  and  clay  mixture.  As  a  rule  the  soils  are  very  clayey. 
Structure  af  the  Escarpment  i — ^There  are  two  escarp- 
ments, one  behind  the  other,  in  the  Pembina  region.  The 
lower  one  is  known  as  the  "first  mountain"  and  is  best 
developed  in  the  vicinity  of  Walhalla,  North  Dakota, 
where  the  Pembina  river  debouches  upon  the  plain  of  the 
Red  river  valley.  Here  there  is  a  shelf  5  or  6  miles  wide, 
200  feet  above  the  plain  at  its  outer  margin,  which  grad- 
ually rises  toward  the  west  through  100  feet  or  more  to  the 
foot  of  a  second  escarpment  known  as  the  "second  moun- 
tain." At  this  point  another  ascent  of  aoo  to  300  feet 
reaches  the  general  level  of  the  highland  country  which  as- 
cends slowly  toward  the  Turtle  mountains  beyond.  The 
entire  margin  of  this  area  was  described  by  Mr.  Upham* 
in  his  study  of  lake  Agassiz.  The  "first  mountain"  noted 
above  is  Mr.  Upham's  Pembina  delta  deposit.  The  whole 
shelf  was  considered  by  him  of  this  origin  and  separated 
from  the  shales  below  by  a  sheet  of  till. 

As  will  be  seen  from  the  accompanying  map,  the  Little 
Pembina  river  after  leaving  the  higher  plateau  runs  along 
the  base  of  the  second  escarpment  to  its  junction  with  the 
main  stream.  Great  quantities  of  boulders  and  some  till 
have  slid  into  this  part  of  the  gorge  as  undercutting  of  the 
bluffs  has  proceeded.  The  presence  of  such  material  in  this 
transverse  gorge  led  as  the  writer  believes  to  an  erroneous 
idea  of  the  true  structure  of  the  whole  first  mountain. 

Ordinarily  the  weathering  process  is  so  uniform  on  the 
soft  formations  of  the  bluffs  and  the  creep  of  the  clays  so 
gradual  that  none  of  the  real  ledges  might  be  seen  on  the 
east  side.  But  the  past  season  has  been  excessively  wet. 
The  severe  rain  storms  started  numerous  land  slides;  un- 
covering many  points  that  had  formerly  been  completely 
covered  with  mixed  residuary  and  alluvial  accumulations. 
A  recent  examination  therefore  made  clear  that  Cretaceous 
Aales  occur  to  within  15  or  20  feet  of  the  top  of  the  bluffs 
on  both  sides  of  the  Little  Pembina  to  its  mouth.  The 
same  is  true  of  the  Pembina  from  this  point  still  farther 
east   for  probably  two  n^Ies.     The   capping  of  the   shelf 
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through  which  this  stream  runs  at  this  point  is  a  very  stony 
drift  and  it  is  certainly  from  this  deposit  that  the  boulders 
lying  down  in  the  gorge  were  derived  as  residuary  matter. 
This  same  relation  was  observed  on  one  of  the  tributaries 
of  the  Tongue  river  15  miles  farther  south. 

About  half  way  across  the  shelf  however  conditions 
change.  Original  Cretaceous  beds  are  replaced  gradually 
by  granular  assorted  and  roughly  bedded  deposits  that  are 
no  doubt  of  delta  origin.  On  the  shelf  itself  along  this 
outer  marginal  half  there  is  more  porosity  and  sandiness 
of  subsoil  as  noted  in  the  farm  lands  and  the  wells  are  very 
deep  compared  with  those  situated  on  the  inner  half  of  the 
mountain.  One  half  of  the  total  area  is  therefore  no  doubt 
a  deha  deposit. 

The  accompanying  figure  representing  a  section  of  the 
two  mountains  and  crossing  the  transverse  portion  of  the 
Little  Pembina,  is  in  accord  with  the  above  conclusions. 


a  Bhales  and  t 

Some  portions  of  the  delta  deposit  and  accompanying 
drift  have  economic  value.  There  .are  excellent  gravels  and 
in  some  places  the  assorted  granular  clays  are  workable. 
The  Cretaceous  shales  themselves  however  are  so  near  by, 
and  are  so  much  more  uniform,  and  are  of  so  much  greater 
range  of  use  that  the  delta  deposits  have  little  interest  from 
that  standpoint. 

Crelaeeous  Shales. — The  main  body  of  the  Pembina 
mountains  is  made  up  of  Cretaceous  shales.  They  underlie 
the  delta  deposit  of  "first  mountain"  and  the  Red  river 
valley,  in  part,  and  they  continue  westward  across  the 
whole  state  of  North  Dakota. 

In  color  the  shales  vary  from  cream-white  through  yel- 
low and  blue  and  green  to  brown  and  even  black.  Cream- 
white,  bluish  gray,  .greenish    gray,    and    black    colors    are 
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diaracteristic  of  continuous  beds.  Yellowish  color  is  local 
and  best  developed  where  conditions  are  favorable  to 
weathering  and  leaching  action,  while  the  brown  facies  is  in 
all  cases  due  to  staining  of  iron  oxides  formed  in  the  decay 
of  iron  pyrite. 

In  physical  characters  all  are  moderately  soft  .earthy 
shales.  The  sediments  of  which  they  are  formed  are  of 
very  fine  grain  and  remarkably  uniform.  There  is  an  oc- 
casional concretion  of  lime  or  iron  sulphide,  or  a  septarian 
nodule,  or  a  selenite  crystal  or  even  a  thin  slab  of 
lime  stone,  but  these  are  confined  to  a  few  horizons  and 
are  insignificant  in  comparison  to  the  great  mass  of  shales 
exposed.  There  is  occasional  faulting  on  a  very  small 
scale.  There  is  local  leaching  and  a  little  chemical  modi- 
fication, but  the  changes  are  slight. 

Prtrographically  they  vary  from  black  carbonaceous 
shales  to  white  alum  shales,  and  from  bluish  gray  or  yellow 
marls  to  bluish  green  or  greenish  black  clay  shales.  Calcite, 
pyrite,  selenite,  and  limonite  are  secondary  minerals  of 
most  prominence  in  the  formation  as  a  whole. 

Chemically  the  beds  vary  greatly.  Lime,  iron,  and  car- 
bonaceous matter  are  the  chief  disturbing  factors.  One 
small  seam  of  coal  a  fraction  of  an  inch  thick  has  been 
seen,  but  in  general  the  carbonaceous  content  is  not  high 
in  the  regular  shales.  Lime  however  is  important  ranging 
in  the  various  beds  from  a  fraction  of  one  per  cent  to  ex- 
treme values  of  over  70  per  cent  in  the  form  of  carbonate. 
Iron  is  as  a  rule  more  prominent  in  the  non-calcareous  beds. 
This  interchange  of  predominance  becomes  an  important 
factor  in  fixing  the  possible  uses  to  which  these  clays  may 
be  put. 

Su^-/firisi.in<  - — There  are  few  sharp  lines  of  distinction 
between  the  successive  beds.  Even  where  chemical  analysis 
shows  radical  differences,  the  formations  sometimes  present 
a  most  deceptive  uniformity  to  the  eye.  Combining,  how- 
ever, such  physical  breaks  as  are  apparent  with  the  chemical 
differences  that  are  known,  the  following  general  succession 
is  characteristic  and  can  be  identified  throughout  the  dis- 
trict : 
EL    Black  and  graylsb  brittle  shales  that  break  out  In  chips  or  In 

thin  laminae  like  paper  shales.    Where  carbonaceous  matter  Is 
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prominent  tbey  are  very  black  In  color.  Iran  U  a  constant  Im- 
purity, and  brown  or  yellow  stalnlns  of  aurfaces  and  Telnlets  or 
fissuree  following  water  seepage.  Is  a  noticeable  effect 

TbicknesB 300  [eet-|- 

D.  A  series  of  10  alternating  black  and  wbite  bands,  the  thickest 
being  about  6  Inches.  The  black  bands  are  carbonaceous  while 
the  white  ones  are  siliceous  but  not  gritty  and  have  a  decided 
alum  taste.  The  contrast  between  these  two  types  la  very  strik- 
ing and  their  persistence  throughout  tbe  Pembina  mountain  dls-. 
trlct  maken  them  a  good  datum  boriion. 

Thickness C  feet. 

C.  A  bed  of  dark  shale  heavily  stained  with  iron  and  carrying 
locally  excessive  quantities  of  gypsum.  Lies  Just  below  the 
black  and  white  series  and  in  places  its  flrmness  causes  a  staelf- 
llke  break  In  the  bluffs  wbere  this  bed  Is  exposed. 

TblckneBs 4  feeL 

6.  Yellowish  or  bluish-gray  massive  limy  shales  or  marls,  carrying 
20-70  per  cent  calcium  carbonate  In  th^ir  composition.  They 
are  not  uniform  throughout  their  whole  thickness,  but  are  re- 
solvable Into  a  aeries  of  beds  depending  upon  the  lime  content 
for  their  dlstlnctiOD.  They  arc  more  massive  and  block-like  in 
their  habit  and  more  uniform  In  their  app;arance  than  any  other 
beds  of  this  area.     They  are  locally  called  "cement  beds." 

Thickness 160   feet^ 

A.  Greenish  and  grayish  black  laminated  shales  weathering  Into 
plastic  clays.  They  are  low  In  lime  to  a.  limit  of  less  than  one 
per  cent.  The  change  from  the  n'xt  overlying  beds  to  this  Is 
gradual  and  ia'marked  by  the  change  to  low  lime  content.  No 
sharp  line  can  be  drawn.  Th^ra  are  occasional  horlsons  of  con- 
cretions, septcrian  nodules  and  gypsum  crystals. 

Thickness 2G0  tdet.+ 

The  above  series  of  beds  forming  the  Pembina  moun- 
tains are  supposerl  to  correspond  to  the  different  sub- 
divisions of  the  Cretaceous  recognized  by  Babcock*  as  fol- 
lows : 

E. — 300  ft.  black  and  gray  shales. — Pierre. 

D. — 6  ft.  black  and  white  bands. 

C. — 4  ft.   iron  and  gypsum  bed. 

B. — 150  ft.  blue  and  yellow  marls. — Niobrara. 

A. — 250  ft.  greenish  and  black  clay  shales. — Benton. 

Fossils  are  rare  in  these  shales.     A  few  traces  are  seen 
in  the  Pierre  (E)  but  none  were  identified.     None  at  all  were  - 
in  either  D  or  C. 

But  in  B,  and  in  the  talus  clays  and  marls  along  the 
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weathered  bluffs  where  B  is  exposed,  a  few  good  fossils 
typical  of  the  Niobrara  have  been  found  by  the  writer. 
Ostrifa  ir<m}:fsta  Conrad,  is  the  most  common.  Fragments 
of  a  large  shell  of  fibrous  structure  and  prominent  parallel 
ridging  are  also  common ;  they  probably  belong  to  /""* 
ceramus  platinus  Logan.  In  one  case  a  fragment  of  this 
form  was  found  replaced  by  iron  pyrite  perfectly  preserving 
the  structure. 

The  mosasaurs  are  also  represented.  One  fragment 
of  a  lower  jaw  carrying  four  teeth  and  a  couple  of  verte- 
bra were  found  at  the  Mayo  location.  A  large  fish  verte- 
bra and  the  fore  part  of  the  upper  jaw  carrying  stubs  of 
teeth  were  found  at  the  same  place.  They  belong  to  the 
Porthcus  of  Cope.  Together  the  few  forms  found  serve 
to  determine  the  age  of  these  marl  beds  as  Niobrara.  At 
Tongue  river  both  fish  and  mososaur  remains  fairly  com- 
plete have  been  reported  from  the  cement  bed. 

No  fossils  have  been  observed  in  the  shale  beds  of 
division  A,  here  credited  to  the   Benton  formation. 

The  eastern  edges  of  these  formations  are  exposed  in 
the  stream  gorges  of  the  "second  Pembina  mountain." 
Rarely  can  all  be  seen  at  any  one  point,  but  this  portion 
of  the  Cretadeus  series  is  readily  made  out  and  followed, 
What  there  is  below  A  or  above  E  does  not  appear  in  this 
area. 

Local  and  Economic  Di-scripiions, —  The  Tongue  River 
Section — Tongue  river  cuts  deeply  enough  into  the  second 
mountain  to  expose  all  the  beds  down  to  and  including  the 
cement  beds.  A  short  distance  above  the  entrance  to  this 
gorge  where  the  marl  zone  is  particularly  prominent  the 
Tongue  river  cement  plant  is  situated.  At  this  point  it  is 
about  70  feet  from  the  bed  of  the  creek  to  the  base  of  the 
black  and  white  bands  of  bed  D  above.  Both  D  and  C  are 
in  typical  development,  but  only  about  50  feet  of  the  brittle 
shales  of  bed  E  are  exposed  because  of  drift  and  slide  from 
the  bluff. 

Cement  manufacture  has  been  the  chief  attraction  Tiere. 
The  plant  is  making  a  natural  cement  that  is  claimed  to 
have  unusual  quality.  It  is  certainly  giving  good  satis- 
faction to  local  patrons.     An  extensive  plant  was  installed. 
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Lack  of  direct  railroad  connection  for  shipment  however 
is  a  great  handicap  and  its  operations  liave  been  intermit- 
tent as  a  consequence.  Several  years  of  experience  on  the 
ground  also  has  led  the  company  to  abandon  some  of  their 
earlier  equipment.  Burning  is  now  done  with  slack  coal  in 
two  open  42  foot  continuous  kilns.  Formerly  the  cement 
rock  for  the  works  was  obtained  from  the  70  foot  face  of  the 
bluff,  but  this  proved  unsatisfactory  through  lack  of  uni- 
formity. At  fhe  present  time  cement  rock  is  mined  from  a 
7  foot  bed  near  the  base  of  the  bluff. 

This  rock  is  drab  to  grayish  green  in  color  with  numer- 
ous smalt  white  specks.  It  is  very  fine  grained  and  uniform 
and  massive  rather  than  shaly  in  habit.  It  breaks  out  in 
large  blocks  and  is  reasonably  resistant  and  tough,  although 
soft  and  earthy  in  fee!  and  easily  worked.  The  bed  is  set 
off  sharply  both  above  and  below  by  bedding  planes.  Little 
timbering  seems  to  be  required  and  the  workings  are  com- 
paratively dry.  The  bedding  is  not  quite  horizontal.  There 
is  a  slight  dip  toward  the  northeast.  Besides  these  are 
two  small  faults  with  displacements  of  one  to  two  feet. 
Joints  all  run  E  and  W.  and  in  displacements  it  is  the  east- 
ern side  tliat  has  dropped. 

A  complete  chemical  analysis  of  the  rock  at  this  locality 
is  not  at  hand.  Tests  however  made  by  the  writer  for  com- 
partive  purposes  on  the  lime  content  gave  CaCO^  equal  to 
55.13  per  cent. 

T/ie  Litlle  Pemb-na  Section  —In  the  Little  Pembina 
gorge  also  the  cement  beds  are  cut  into,  and  in  its  lower 
course,  before  joining  the  main  Pembina  river,  the  underly- 
ing clay  shales  are  also  uncovered.  No'wherehowever,  is  there 
any  special  quality  of  material  or  any  special  attractions  of 
location  to  encourage  development  of  either  marls  or  clays. 
The  cement  bed  is  the  same  as  that  at  Tongue  river  and  is 
doubtless  of  similar  grade.  The  visiter  has,  however,  carried 
the  investigation  no  farther  than  an  identification  of  the  beds. 

The  Big  Pemhiiia  Section  — The  main  Pembina  river, 
where  it  emerges  from  the  highland  country  of  the  Pembina 
mountains  cuts  400  feet  into  cement  marls  and  clay  shales. 
By  adding  to  this  the  higher  beds  that  appear  in  ascending 
the  stream  a  few  miles  as  much  more  is  found,  so  that  the 
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whole  series  represented  in   the  dissection  of  the   second 

mountain  may  be  tabulated  as  follows : 

GlacUl  drift,  variable  in  ttilcknees  and  character 0-26  ft. 

iGraj  to  black  britUe  abalea 800  ft 
Black  and  vhit«  bands 6  ft. 
Brown  iron  and  gypanm  bed 4  ft. 
Tellow  and  bluish  maMlva  marls....  ISO  ft. 
Black  and  Kreenlsh  gray  lamin- 
ated clay  Bhales S50       ft. 

Of  these  the  last  two  are  of  special  interest  because  of 
their  economic  promise.  By  far  tlie  best  outcrops  of  these 
are  in  the  north  bluff  of  the  river  just  opposite  the  mouth  of 
Little  Pembina  in  sections  33  and  34,  T.  163,  R.  57,  Cavalier 
Co.,  N.  D.  This  locality  has  many  other  advantageous  feat- 
ures that  scarcely  come  within  the  province  of  a  geologic 
paper,  such  as  feasability  of  railway  connections,  tbe  prox- 
imity to  a  local  wood  supply,  and  the  possibility  of  securing 
abundant  water  power  by  a  dam  across  the  river.  At  this 
point  glacial  and  pre-glacial  erosion  has  removed  the  upper 
beds  of  the  series,  as  outlined  above,  leaving  only  the  two 
lower  members,  i.  e.,  250  feet  of  clay  shales  and  100+  feet  of 
cement  marts  capped  directly  with  10  to  20  feet  of  drift. 

Cement  Maris. — Local  interest  following  the  impetus  of 
the  Tongue  river  development  centered  in  the  marls  at  first, 
and  these  beds  not  only  here  but  along  the  whole  escarpment 
and  river  have  been  repeatedly  tested  by  numerous  prospec- 
tors with  a  view  to  cement  manufacture.  There  are  zones 
in  these  marls  whose  lime  content  brings  them  within  the 
class  of  cement  rock.  A  long  series  of  rough  tests  in  the 
field,  made  by  the  writer,  with  crude  equipment,  for  the  pur- 
pose of  limiting  the  horizons,  gave  fairly  good  and  decisive 
results.  Samples  were  oven  dried  and  weighed  and  the  con- 
stituents soluble  in  cold  dilute  hydrochloric  acid  were  dis- 
solved out.  Then  the  residues  were  burned  and  weighed  as 
representing  approximately  the  sand  and  clay  content, 
while  the  difference  in  weight  was  taken  to  roughly  measure 
the  maximum  possible  lime  content.  This  rapid  preliminary 
testing  proved  very  useful  and  served  finally  to  locate  shales 
of  a  quality  that  were  not  thought  to  exist  in  this  region. 
A  series  of  35  samples  of  the  marls  gave  a  range  of: 
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Insoluble  matter  (sand  and  clay)  25  per  cent  to  60  per  cent. 
Soluble  and  Volatile  matter  (mostly  calcium  carbonate)  40 
per  cent  to  75  per  cent. 

The  tests  proved  that  in  general  the  higher  beds  of 
marls  were  the  richer  in  lime  and  that  lower  horizons  rapidly 
decreased  in  this  constituent  to  almost  zero  where  the  typical 
beds  of  the  underlying  ciay  shales  are  reached. 

Nearly  all  of  these  detailed  examinations  were  made  on 
the  Mayo  property  at  the  mouth  of  Little  Pembina  river. 
On  the  north  side  of  the  Pembina  river  at  this  point  the  river 
blufTs  are  400  feet  high.  A  section  of  at  least  350  feet  of 
shales  are  exposed.  A  yellowish  color  of  the  uppermost 
beds  as  they  occur  here  is  not  a  constant  character  of  the 
same  beds  throughout  the  whole  district.  This  color  is 
notable  only  where  the  immediate  covering  is  drift,  and 
therefore  porous,  or  along  much  exposed  bluffs.  In  recently 
exposed  beds  or  where  there  is  great  thickness  of  shale  cov- 
ering the  color  is  drab  or  greenish  gray  as  in  the  Little 
Pembina  and  Tongue  river  sections.  It  is  clearly  a  case  of 
bleaching  or  oxidation  of  the  iron  content  with  more  or  less 
leaching  wherever  water  percolation  is  active.  On  the  bench 
of  land  forming  the  inner  margin  of  the  "first  mountain," 
drift  lies  directly  upon  the  marl  beds  and  here  such  bleach- 
ing has  penetrated  15  to  20  feet.  Seams  where  ciri;ulation 
is  easiest  are  often  red  from  iron  stain  while  the  interiors  of 
larger  blocks  are  still  bluish. 

In  all  other  re.spects  samples  of  the  gray  cement  rock 
of  Tongue  river  are  duplicated  on  the  Pembina.  Tliey  are 
undoubtedly  the  same  beds  and  their  relationship  may  be 
seen  at  a  glance  in  the  accompanying  figure.        , 


So  tar  as  preliminary  investigation  may  serve  as  indi^ 
cation,  one  would  be  expected  to  prove  as  valuable  as  the 
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other,     A  partial  analysis  for  comparative  purposes  on  two 
typical  samples  sent  from  these  localities  gave : 
Tongue     river  sample — Residue  87.8  per  cent;  CaCO*  66.13  per  cent. 
Pemttlaa  river  sample —        "      29.4         "  "      63.20 

In  each  case  the  sample  is  not  the  maximum  limit  for 
lime  content.  Another  sample  of  the  Pembina  locaUty 
marls  gave: 

Insoluble  residue H.OO  per  cent 

Iron  and  alumina 18.00  per  cent. 

Carbpnateof  Itme 60.00  per  cent. 

Moiatnre 8.00  per  cent. 

.  ClayShaies. — Below  the  cement  marls,  in  the  Pembina 
section,  lie  a  thick  series  of  clay  shale  beds.  They  are.  lam- 
inated more  prominently  than  the  marls,  and  are  very  plastic 
on  weathered  outcrops.  Their  chemical  constituents  lime  and 
iron,  vary  widely  in  different  beds.  This  is  the  lowest  forma- 
tion exposed  anywhere  in  the  "Pembina  mountain"  region. 
Most  of  the  rivers  have  not  eroded  deeply  enough  to  reach 
it. 

Partial  analysis  of  two  samples  of  these  shales  at  differ- 
ent horizons  gives  the  following  percentages: 

No.  0.  No.  4. 

Silica— SIO" 61.03  per  cent 61.62  per  cent. 

Alumina — Al'O* 22.70  per  cent 18.65  per  cent. 

Iron — Fe'O*  6.53  per  cent 4.90  per  cent. 

Lime — CaO 97  per  cent 75  per  cent. 

Magnesia — MgO 51  per  cent 1.32  per  cent. 

Water — H'O 7.9S  per  cent 8,80  per  cent. 


99.M   per  cent,  96.94  per  cent. 

In  the  above  all  the  iron  was  measured  as  Fe^O',  al- 
though it  is  not  all  in  that  form,  the  column  for  water  also 
includes  other  easily  volatile  constituents,  and  no  effort  was 
made  to  measure  the  alkalies.     The  analysis  serve  however 
.  to  determine  the  general  range  of  composition. 

A  systematic  and  thorough  series  of  experimental  tests 
have  been  made  on  these  clay  shales  to  determine  their  value 
in  brick  and  tile  manufacture.  Most  of  them  have  been  car- 
ried out  by  the  writer  on  a  laboratory  scale  first  and  then, 
following  the  lines  thus  indicated  for  a  particular  horizon 
or  bed.  the  appropriate  practical  test  was  made  by  taking  a 
suitable  quantity  to  an  operating  plant  willing  to  run  the 
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material.  This  last  method  of  proving  the  quality  was  fol- 
lowed in  person  by  Mr.  H.  A.  Mayo,  of  Walhalla,  who  was 
the  owner  of  the  most  advantageous  site  where  the  clays  are 
exposed.  He  has  recently  established  a  plant  on  this 
ground. 

The  clays  prove  to  be  especially  suitable  for  the  manu- 
facture of  drain  tile,  hollow  block,  common  auger  machine 
brick  and  pressed  brick.  Of  pressed  brick  many  varieties 
have  been  made  by  using  different  beds  or  different  mixtures 
of  beds.  Normally  the  clays  burn  either  red  or  cream  col- 
ored depending  upon  the  lime  content  of  the  horizon,'  and 
both  of  these  give  good  background  for  variatioiL  By  mix- 
ing the  two  in  granulated  condition,  as  received  from  the 
dry  pan,  a  most  attractive  natural  red  and  white  mottled 
effect  is  produced. 

The  usefulness  of  drain  tile  for  the  peculiar  valley  con- 
ditions is  just  beginning  to  prove  itself.  Trial  tests  of  farm 
drainage  with  tile  last  year  are  altogether  encouraging. 
Because  of  the  rigors  of  the  climate,  together  with  the  sub- 
stantial prosperity  of  the  country,  building  materials  of  the 
best  grade  are  always  in  demand. 

The  proximity  of  fhis  deposit  to  the  Red  river  valley 
where  brick  clays  of  good  quality  arc  rare,  and  where  struc- 
tural materials  of  all  kinds  must  be  brought  from  the  out- 
side at  high  prices,  makes  it  of  great  economic  importance. 


PROF.    HULL'S    "SUBOCEANIC   TERRACES    AND    RIVER    VAL- 
LEYS  OFF  THE  COAST  OF   EUROPE." 
(BcTtewed  b;  J.  W  Sphicbi.) 

We  are  indebted  to  Prof.  Edward  Hull  of  London  for 
his  extensive  investigations  of  the  river-like  valleys  and 
canyons  incising  the  continental  shelf  and  the  continental 
slope  on  the  eastern  side  of  the  Atlantic;  thus  bringing  into 
prominence  the  submarine  physic^raphic  characters  which 
had  been  hitherto  largely  overlooked.  These  studies  ap- 
pear in  a  series,  under  suitable  titles*  which  if  assembled 

•  "Another  PoBBlble  Cause  o(  the  Glacial  Epoch,"  by  Prof.  Bd.  HulL 
Uj.  D.  F.  K,  a.,  KK-tono  Ipsii/^U.  London,  1S99,  pp.  ».  "Submersed 
Terraces  and  River  Valleys  Uorderlnj;  tha  British  Isles,"  It.  vol.  xzx, 
anr;  pp.  3QS-S24);  "Suboceanlc  Terraces  and  River  Valleys  off  the  West 
em  Coast  of  Europe,"  U.  author'B  copy  (ISM)  PP-  20-  •  •  •  Off  the 
West  African  Continent  and  o(  the  Mediterranean  Basin,"  li  (UOO), 
pp.  18:  -The  Physical  HUtory  of  the  Norwe^an  Fjords"  Ih.  (ISat),  m 
M.  "auboceanio  Physical  Features  off  the  Coast  of  Western  Europe,  m 
eluding  France.  Spain  EUid  Portugal, "  Gtag.  7n>r.  (UBS),  pp.  10.  Also  Id 
7>iBu.      AfaiKAeiiir     Giehtieal     Secittf,        PP.  313-323,  vol.  xxvl,  ISM. 
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would  make  a  large  brochure.  From  these,  we  learn  of  a 
vast  number  of  valleys  and  systems  of  valleys  indenting 
the  continental  shelf  and  forming  submarine  topographic 
features  resembling  those  produced  by  atmospheric  agents, 
such  as  are  found  on  the  American  side  of  the  Atlantic  and" 
in  the  West  Indies.  The  shelf  has  been  more  or  less 
studied  since  the  time  of  Mr.  Goodwin- Austin  (1849).^ 
But  Prof.  Hull's  valleys  throw  new  light  upon  their  forms 
and  sculpture,  and  indeed  upon  the  whole  question  of  great 
changes  of  level  of  land  and  sea.  He  further  applies  these 
changes  to  one  of  the  many  consequences  thereof,  namely 
the  possible  cause  of  the  glacial  period.  As  Prof.  Hull's 
papers  are  not  easily  accessible  to  many  on  this  side  of  the 
Atlantic,  a  review  of  the  leading  features  appearing  in  one 
of  our  journals  will  extend  the  knowledge  of  what  has 
been  done  in  a  subject  embracing  one  of  the  most  wide- 
spread groups  of  physiographic  phenomena,  which  how- 
ever has  attracted  little  attention  in  this  country,  except 
that  of  two  or  three  of  us,  although  these  have  sown  seed 
which  is  bringing  forth  a  rich  harvest  in  the  old  world. 

The  British  platform  extends  to  Iceland  and  Green- 
land, as  shown  by  previous  investigators.  "This  former 
connection,  is  placed  beyond  doubt  by  the  character  of  the 
fauna  and  flora."*  Dr.  Alfred  Wallace  includes  Ice- 
land with  Europe  in  his  Palaearctic  region.  Prof.  New- 
ton has  shown  that  all  the  mammals  of  Iceland,  except 
three  Arctic  forms,  are- European.  Dr.  Walker's  studies  of 
the  botany  and  entomology  of  Iceland  also  witnesses  the 
late  connection  with  the  British  islands.  In  Greenland 
some  forms  are  European,  others  are  American  and  still 
some  are  Arctic.  If  a  biological  survey  suggests  the  ex- 
tension of  European  life  beyond  the  present  continent, 
which  implies  an  elevation  of  the  land,  then  such  should  be 
indicated  in  the  submarine  topographic  features  now  sub- 
merged, and  these  are  Prof.  Hull's  studies.  He  says  that 
the  charts  show  that  an  elevation  of  1320  feet  (except  in 
the  relatively  narrow  trench  2000  feet  deeper)  would  con- 
nect Iceland  with  Europe,  but  the  actual  altitude  may  have 
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reached  6000  feet.  The  edge  o£  the  submerged  terrace 
(continental  shelf),  supporting  the  British  Isles,  is  gener- 
ally known  as  the  loo-fathom  line,  but  this  is  misleading 
as  the  features  vary  and  "only  by  a  close  observance  of 
the  change  of  depth,  as  indicated  by  the  soundings"t  can 
the  features  be  recognized.  In  front  of  the  platform  the 
grand  escarpment  or  continental  slope,  off  Britain,  descends 
steeply  7000-8000  .feet,  in  some  cases  precipitously.  Off 
Scotland  the  margin  of  the  shelf  is  near  the  lOO-fathom 
line,  but  in  front  of  the  English  channel,  it  is  at  a  depth 
of  180-200  fathoms.  At  some  points  the  shelf  is  reduced 
to  a  breadth  beyond  the  islands  of  50-70  miles,  while  off 
Porcupine  bank  it  extends  for  180  sea  miles  beyond  the 
coast  of  Ireland,  and  forms  a  peculiar  peninsula,  effectively 
shown  on  his  map,  enclosing  an  embayment  receiving  the 
Shannon  channel  at  its  head.  It  is  shown  to  extend  to  a 
depth  of  over  9000  feet.  From  his  work  on  the  submarine 
topography,  it  would  be  appropriate  to  name  it  the  Hull 
embayment,  especially  as  he  has  done  much  more  to  eluci- 
date the  phenomena  than  any  one  preceding  him,  and  he  is 
an  Irishman,  too.  Also  the  still  more  remarkable  embay- 
ment, of  similar  depth,  is  shown  between  Ireland  and  Rock- 
all  attaining  a  breadth  of  125  miles.  It  heads  in  an  am- 
phitheatre or  great  cove  in  the  Scotland-Faeroe  ridge, 
where  this  submarine  feature  is  crossed  by  the  Lightning 
channel,  which  is  the  drowned  col  between  this  and  an- 
other deep  channel  extending  down  the  slope  to  the  basin 
of  the  Norwegian  sea. 

The  continental  shelf  is  almost  level,  having  been  cov- 
ered with  water-borne  sediments  or  earlier  glacial  deposits. 
The  formation  of  the  continental  shelf  by  marine  action  on 
emergent  lands  of  such  plateaus  as  the  British  platform 
has  been  described  by  Prof.  James  Geikie*  who  also 
noticed  "the  abrupt  descent  from  the  edge  of  the  plateau," 
but  he  does  not  appear  to  have  recognized  that  such  feat- 
ures must  have  had  a  terrestrial  origin,  as  the  surface  is 
sculptured  with  river  channels. 

From  the  west  of  Ireland  Hull  traces  the  courses  of 
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the  Erne  (a  distance  of  about  80  land  miles)  and  the  Shan- 
non river  {for  100  miles)  to  the  amphitheatres  indenting 
the  edge  of  the  platform.  So  also  the  course  of  the  sinuous 
channel  from  the  Irish  sea  is  given  for  a  distance  of  300 
miles  before  it  falls  over  the  edge  of  the  shelf  into  its  can- 
yon. It  is  a  relatively  shallow  feature  from  50  to  240  feet 
in  depth.  The  course  of  the  old  river  of  the  English  chan- 
nel is  more  interesting.  Prof.  Hull  shows  its  course  from 
near  the  straits  of  Dover  for  nearly  400  miles  to  "the  edge 
of  the  platform.  For  70  miles  of  its  coyrse  it  has  been 
known  as  the  Hurd  deep,"  having  a  width  of  four  to  five 
miles,  and  greatest  depth  of  354  feet  below  the  general 
level  of  the  floor  of  the  sea  (further  submerged  by  216 
feet).  Below  the  deeper  section  the  channel  is  less  ap- 
parent, probably  owing  to  the  silting  up  by  sediments. 
Hull  considers  that  the  Hurd  deep  portion  has  been  kept 
open  by  tidal  currents,  as  this  is  the  narrowest  section  of 
the  English  channel  north  of  cape  de  la  Hague.  It  is  cut 
down  into  solid  rock  and  is  bounded  by  precipitous  cliffs. 
There  are  tributaries  from  France  and  England.  The 
lower  portion  of  the  chanirel  is  again  open.  It  abruptly 
merges  in  a  canyon,  with  walls  of  rock  4,000  feet  in  hight, 
cut  into  the  great  continental  declivity  and  shelf  on  which 
it  is  submerged  to  the  depth  of  100  fathoms.  An  adjacent 
and  larger  embayment  to  the  east  may  have  been  the  former 
course  of  the  channel.  After  passing  the  edge  of  the  shelf 
Prof.  Hull  has  used  only  isobaths  of  250  fathoms.  Had  he 
put  them  at  250  feet  apart  more  detail  would  have  been 
obtained.  The  British  rivers  are  often  flowing  over  refilled 
channels,  reaching  much  below  sea  level.  Prof.  Hull  con- 
sidered the  British  platform  to  have  been  planed  down  by 
wave  action,  and  subsequently  depressed.  He  compares 
the  features  with  the  "drowned  plains,"  escarpments  and 
river  valleys  lying  outside  of  the  North  American  coast. 
He  points  out  the  absence  of  the  lower  terrace  such  as  that 
of  the  Blake  plateau  of  the  American  coast.  Prof.  Hull  at- 
tributes the  fashioning  of  "the  escarpments  as  mainly  due 
to  wave  action  undermining  the  clifT  during  prolonged 
pauses  in  the  process  of  elevation  or  subsequent  depres- 
sion."    The  age  of  the  platform  is  assigned  to  the  Mio- 
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pliocene  period,  which  was  one  of  great  terrestrial  changes 
of  land  and  sea  over  Europe.  The  fashioning  of  the  conti- 
nental declivity  or  slope,  with  its  channels  belongs  to  the 
Pleistocene  period. 

While  a  change  of  level  raising  the  sea  bottom  9000 
feet  and  sinking  it  again  may  cause  some  hesitation  in  our 
minds,  yet  the  marine  Tertiary  beds  occur  to  10,000  feet  in 
the  Alps,  which  have  received  their  features  in  post- 
Miocene  times,  according  to  Heins,  Renevier,  Baltzer,  Carl 
Schmidt,  and  H.  Schardt.  The  sea  level  may  have  been 
considerably  lowered  by  the  accumulation  of  ice  in  the 
Glacial  period,  or  again  the  beds  of  the  great  oceans  may 
have  been  depressed,  as  suggested  by  Prof.  Suess,*  Also 
there  may  have  been  other  ways,  more  or  less  speculative 
altering  the  level  of  the  sea  as  described  by  Prof.  James 
Geikie.  In  conclusion,  Hull  finds  the  continental  slope  to 
^reat  depths  "charcterized  by  physical  features  similar  to 
those  we  observe  on  the  land  and  due  largely  to  similar 
causes,  namely,  marine  and  atmospheric  erosion."  Of 
Prof-  Hull's  paper  Prof.  Ethridge  says:  "Prof.  Hull's  in- 
terpretation that  the  submerged  and  now  submarine  valleys 
were  originally  formed  or  fashioned  through  atmospheric 
denudation  in  the  widest  sense,  prior  to  their  submergence 
is  fully  demonstrated."  "No  one  has  hitherto  applied  these 
ocean  soundings  for  the  purpose  of  elucidating  the  past 
physical  history  of  the  old  and  new  submerged  land  once 
extending  far  to  the  west  or  into  the  now  depths  of  the  At- 
lantic," Prof.  T.  Rupert  Jones  endorses  the  author  and 
says:  "Dr.  E.  Hull,  applying  the  methods  adopted  by  Dr. 
Spencer  and  other  American  observers,  is  led  by  careful 
consideration  of  the  Admiralty  charts,  and  with  accurate 
reasoning  on  the  relative  depths  of  the  water,  to  map  out 
the  margins  of  the  British  area  before  it  became  divided  up 
into  the  existing  islands.  The  conclusions  add  much  to 
our  knowledge  of  geographical  evolution,  as  brought  about 
by  natural  causes  during  immense  periods  of  time."  The 
!O0-fathom  line  had  been  the  chief  datum  of  former  work- 
ers. "The  distribution  of  animals  and  plants  supports  the 
conclusions  arrij-ed  at  by  Prof.  Hull"  that  the  recent  hig^ 
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elevation  of  the  land  to  a  great  degree  caused  the  Glacial 
period. 

A  sequel  to  this  paper  on  submarine  valleys  adjacent 
to  the  British  Isles  is  one  continuing  the  investigations  to 
the  strait  of  Gibralter. 

It  appears  that  Mr,  Goodwin-Austin  in  1849,*  showed 
how  the  Rritish  platform  is  covered  with  shingle  contain- 
ing littoral  shells,  sometimes  unbroken,  at  depths  of  80-ioa 
fathoms,  as  at  Little  Sole  and  Nymph  banks,  (Lat.  49° 
Long.  10°  E.),  and  that  the  platform  was  terminated  in  a 
steep  declivity.  Goodwin-Austin  concluded  that  these 
shell  beds  formed  successive  margins  of  the  Atlantic  before 
the  present  submergence.  In  1853,  Sir  H.  T.  de  la  Bechet 
illustrated  the  late  expanse  of  the  land  to  the  lOO-fathom 
line,  and  observed  that  its  width  would  not  be  much  in- 
creased if  extended  to  the  200-fathom  line.  He  attributed 
the  shelf  to  wave  action  and  the  distributing  power  of  the 
tide.  These  early  studied  features  have  since  been  recog- 
nized by  several  writers,  but  none  of  them  have  indicated 
the  real  physical  base  «f  declivity,  nor  the  river  channels 
reaching  down  to  it.  Prof.  Hull  says  that  "The  existence 
of  such  features  *  *  *  demands  the  admission  of  stu- 
pendous changes  •  *  *  as  regards  elevation  and  de- 
pression, such  as  naturalists  might  well  hesitate  to  accept 
unless  demonstrated  by  evidence  of  the  most  convincing 
kind.  And,  for  myself,  I  fully  admit  that  had  it  not  been 
for  the  clear  demonstration  of  several  American  geologists, 
but  especially  by  that  of  Prof.  Spencer,  that  the  bed  of  the 
ocean  along  its  western  margin  has  been  worn  into  terraces 
traversed  by  old  river  channels,  down  to  depths  of  several  ' 
thousand  feet  below  the  present  level,  it  would  probably 
not  have  occurred  to  me  to  ascertain  whether  these  physical 
features  characterize  the  bed  of  the  ocean  along  its  eastern 
margin." 

The  continental  platform  off  from  France  to  Portugal 
is  indicated  on  Dr.  Stieler's  Hand  Atlas.t  but  there  are  no 
indications     that     it     is     trenched     by     river-like     chan- 

•  "The  Valleya  Of  the  EnglEBh  Channel"    Q.  J.    Q.   S.,  vol.  vl.    (1S49). 
t    Gtohgical     Obsirstr.       Snd    Ed.,    ?p.  91-92. 
t  Pub.  by  Justus  Perthes,  Ootha,  WB. 
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nels.  Nor  are  such  found  on  the  small-scaled  charts  o!  the 
Challenger.  The  recent  suboceanic  map  by  Mr.  Huddle- 
ston  shows  the  platform  but  not  the  river  valleys.. 

The  British  platform  continues  onward  and  in  front 
of  Brest  it  is  130  miles  wide.  In  the  bay  of  Biscay  it 
diminishes  to  100  miles;  but  on  the  north  coast  of  Spain,  it 
is  reduced  to  20-30  miles  in  width.  West  of  Portugal  its 
breadth  is  generally  from  30  to  40  miles.  It  increases 
southward  till  off  cape  St.  Vincent  it  widens  out  into  a 
succession  of  terraces.  Along  this  coast  the  margin  nearly 
coincided  with  the  200-fathom  line. 

From  the  English  channel  to  Gibralter,  the  floor  of  the 
platform  is  covered  with  gravel,  sand,  clay  and  occasional 
boulders  with  occasional  motlusk  remains,  while  the  oceanic 
floor  is  a  calcareous  mart.  From  Rockall  for  a  distance 
of  2,000  miles  along  the  coast  line  the  g  reat  declivity  (con- 
tinental slope)  is  intersected  with  channels  which  cross 
the  continental  platform  from  the  gfeat  terrestrial  rivers. 
Such  a  slope  has  its  counterpart  in  the  borders  of  the  raised 
plateau  of  Mexico  (citing  the  reviewer).  The  gradient  of 
the  declivity  varies  from  four  to  twenty-one  degrees  or  in 
one  case  thirty-six  degrees.  These  are  the  mean  results 
for  each  section,  yet  in  many  cases  the  actual  slope  is  made 
up  of  precipitous  cliffs  and  gentler  gradients.  But  fuller 
soundings  are  much  to  be  desired  to  complete  the  detail. 

Among  the  channels  deeply  trenching  the  continental 
platform  Prof.  Hull  describes  those  of  the  Loire  (which 
takes  the  fi)rm  of  a  double  canyon,  and  is  traceable  to  a 
depth  of  9,000  feet) ;  the  Gironde  and  the  Adour.  This 
last  is  the  greatest  of  them.*  At  six  miles  from  the  shore 
it  passes  into  the  Fosse  de  Cap  Breton  incising  the  platform 
to  a  depth  of  702  feet,  where  it  is  covered  by  348  feet  of 
water.  At  15  miles  it  receives  a  tributary  channel  from 
the  south.  It  rapidly  deepens  into  a  canyon  with  walls 
4,000  to  6.000  feet  high,  and  ultimately  opens  to  the  floor  of 
the  ocean  at  9,000  feet.  It  bifurcates  and  encloses  a  tract  of 
shallower  ground.  It  was  considered  by  Alphonse  Milne- 
Edwards  as  the  ancient  bed  of  the  Adour.     South  of  it  the 

r   Exp«Ution    In    im.     Bull.      Gioi     &v.. 
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Spanish  shelf  is  reduced  to  six  to  twenty  miles  in  width, 
but  it  is  indented  by  several  short  ravines  or  deep  bays. 
Other  amphitheatres  indenting  the  Biscay  shelf  are  noticed. 
The  canyons  are  repeated  off  Spain  and  Portugal.  The 
Caneia  (opposite  to  cape  Penas)  in  a  distance  of  twenty 
miles  descends  to  8,280  feet  and  bends  in  the  middle  of  its 
course.  The  Lima  dessects  the  platform  to  a  depth  of 
5,622  feet,  where  it  is  already  submerged  another  1,200  feet. 
The  channel  of  the  Douro  incises  the  platform  to  within  14 
miles  of  Oporto,  Off  Mondego  and  off  cape  Carvoeiro  are 
canyons  5,000  feet  or  more  in  depth  cutting  back  into  the 
continental  platform.  The  Grand  canyon  of  the  Tagus 
is  especially  well  developed,  with  its  apex  five  to  six  miles 
from  cape  Razon.  At  35  mites  from  the  apex  is  a  branch 
round  an  isolated  rock  or  sea  stack  which  rises  to  within 
396  feet  of  the  surface.  Here  and  adjacent  portions  of  the 
declivity  suggest  a  lower  platform  corresponding  to  the 
submergence  of  the  Blake  plateau  in  a  general  way  (re- 
viewer). The  sea  stack  is  only  an  isolated  fragment  of 
the  platforms.  Of  several  of  the  canyons  Prof.  Hull  gives 
sections  sustaining  his  conclusions,  which  may  be  cited  in 
his  own  language. 

"Were  tbere  no  other  auboceanlc  channels  than  tbat  of  the 
Adour,  It  would  of  Itself  be  sufficient  to  demonstrate  Its  own  fluvl- 
atlle  origin  and  that  of  all  others  here  described.  For  what  are  the 
characteristics  of  a  river-valley  draining  a  plateau  and  adJolnlBg 
regions?  They  are  first,  a  continuous  deepening  of  the  bed  of  the 
channel  In  the  direction  of  the  outlet;  second,  continuous  widening 
of  the  channel  in  the  same  direction;  third,  a  widening  course; 
fourth,  lateral  tributaries.  All  these  characterize  the  suboceanlc 
channel  of  the  Adour.  On  the  other  hand  they  are  not  characteris- 
tic of  seismic  fissures,  or  of  fissures  formed  by  faults  or  any  other 
processes  with  which  we  are  acquainted  on  the  land  surface.  We 
are  familiar  with  valleys  with  simitar  characteristics,  but  waterless, 
entering  the  great  valley  of  the  Nile  or  the  shores  of  the  Red  sea, 
or  traversing  the  region  of  Arabia  Petraea  and  southern  Palestine, 
where  rainfall  is  either  absent  or  only  Intermittent;  but  we  do  not 
hesitate  to  recognize  in  them  the  channels  of  former  streams  and 
rivers,  tbongh  they  are  now  dry.  No  other  theory  than  that  here 
advanced  will,  I  venture  to  hold,  serve  to  explain  their  origin  and 
presence  under  the  waters  of  the  ocean." 

In  this  paper  Hull  reviews  the  question  of  the  date  of 
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the  late  elevation,  etc.,  somewhat  more  fully  than  in  the 
former  one,  and  one  point  may  be  added ;  namely,  his  cita- 
tion of  Prof.  Edward  Forbes,  showing  that  the  flora  of  the 
south  and  west  of  Ireland  gives  evidence  of  former  con- 
nection with  Spain. 

Another  paper  deals  with  the  more  scanty  evidence 
off  the  west  coast  of  Africa  and  in  the  Mediterranean.  Be- 
yond the  strait  of  Gibralter,  the  continental  platform  loses 
mtich  of  its  importance,  or  sometimes  disappears  and  passes 
into  a  more  gradual  slope  to  1,200  fathoms.  "This  slope  in 
all  probability  consists  of  a  succession  of  minor  terraces 
breaking  off  in  cliffs."  But  to  determine  this  requires  more 
soundings.  Opposite  the  strait  and  between  Morocco  and 
the  Canary  islands,  there  is  a  broad  terrace  of  50-60  miles 
between  600  and  1,000  fathoms.  It  may  represent  a  shelf 
indicating  a  long  pause  in  the  process  of  elevation  or  de- 
pression of  the  crust  of  Ihe  earth.  It  is  illustrated  in  a  sec- 
tion. At  other  points  the  declivity  is  steep  as  off  Europe, 
with  the  base  of  the  slope  at  2.000  fathoms  or  more.  Prof. 
Hull  describes  to  a  further  extent  the  canyon  of  the  Congo, 
so  systematically  worked  out  by  Buchanan  as  to  leave  no 
doubt  of  its  river-like  form.  But  this  has  already  been 
mentioned  in  America  by  Mr.  Upham  and  the  reviewer. 
Hull  traces  it  to  a  depth  of  7,200  feet,  in  a  distance  of  122 
miles.  Another  submarine  valley  off  the  coast  of  Guinea 
(Ijere  the  shelf  is  40-50  miles  wide),  also  described  by  Buch- 
anan, is  called  the  "Bottomless  pit,"  of  like  character  with 
that  of  the  Congo,  surveyed  because  of  the  breaking  of 
cables  in  crossing  it.  There  is  not  sufficient  information  to 
work  out  canyons  for  the  Niger  and  Orange  rivers,  but  they 
should  be  expected.  Here  the  slope  of  the  great  declivity 
is  ver\'  steep.  About  this  time.  Mr.  Henry  Benest  pub- 
lished his  replica  of  the  Congo  valley,  worked  out  in  fine  de- 
tail off  Cape  Verde  islands  from  special  cable  surveys, 
where  the  soundings  were  taken  close  together  for  the  pur- 
pose of  discovering  the  valley. 

Referring  to  the  Atediterranean,  Prof.  Hull  says  that 
while  a  late  relative  elevation  of  the  land  and  sea  occurred 
to  the  extent  of  7,000  or  8,000  feet,  it  must  have  influenced 
the  bordering  countries    and    the     Mediterranean,  but  he 
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would  not  expect  the  features  to  be  so  well  defined  in  the 
confined  hasin  as  in  the  Atlantic,  especially  the  declivity 
descending  from  the  platform.  Along  the  gulf  of-  Valentia 
the  continental  platform  is  unusually  broad  reaching  sixty 
miles  in  width,  where  it  breaks  off  suddenly  at  about  a  hun- 
dred fathoms.  Indenting  the  shelf  and  declivity  from  240 
feet  to  a  depth  of  6,000  feet,  a  valley  is  traceable  opposite 
the  mouth  of  the  Ebro.  But  the  soundings  are  not  suf- 
ficient for  showing  the  detail.  In  front  of  the  mouth  of  the 
Rhine,  where  the  shelf  varies  from  25  to  50  miles,  and  lim- 
ited by  about  the'  loo-fathom  line,  the  isobaths  of  the  de- 
clivity show  the  course  of  the  valley  to  a  depth  of  7,200  feet. 

But  the  most  important  discoveries  of  such  valleys 
were  made  in  the  gulf  of  Genoa  by  Prof.  Arturo  Isset  of  the 
University  of  Genoa.*  The  continental  platform  has  a 
breadth  of  seven  miles  and  is  defined  at  a  depth  of  6to  feet, 
where  the  edge  is  indented  with  many  sinuosities.  These 
notches  of  submarine  valleys  are  also  shown  at  depths  of 
500  and  I, coo  metres.  This  last  depth  is  reached  at  from  8 
to  14  miles  from  the  coast.  Prof.  Issel  has  worked  out  the 
channels  as  the  submarine  continuations  of  seven  rivers  to 
a  depth  of  900  metres,  or  about  3,000  feet,  and  concludes 
therefrom  that  a  late  elevation  to  that  amount  obtained. 
The  land  portion  of  some  of  these  valleys  has  been  exca- 
vated out  of  the  Eocene  formations,  or  in  some  cases  out  of 
the  Pliocene,  Miocene  and  the  Eocene,  all  three,  showing 
their  age  to  be  Pleistocene.  But  doubtless  the  maximum 
depth  of  the  valleys  had  not  been  reached.  Here  is  addi- 
tional confirmation  of  the  age  of  the  late  elevation  of  west- 
em  Europe,  arrived  at  in  a  most  satisfactory  manner.  The 
erosion  of  those  wide,  deep  valleys,  excavated  since  the  Pli- 
ocene, involves  a  lapse  of  time  of  long  duration  much 
greater  than  has  been  granted  by  many  of  us  for  the  Pleis- 
tocene period. 

Cavaliere  Jervis,  of  Turin,  calls  attention  to  Pliocene 
clays  occurring  at  an  altitude  of  1,640  feet  at  Pianfei  (Cu- 
neo).  Such  commonly  skirt  the  Apennines  from  one  end 
to  the  other,  and  are  overlaid  to  a  considerable  elevation 
with  Pleistocene  clays  and  sands.     But  in  Sicily  the  Plio- 
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cene  strata  occur  to  nearly  3,200  feet.  This  shows  great 
difference  in  changes  of  level  compared  with  that  of  the 
Atlantic  margin  which  was  one  of  elevation  during  the 
Pliocene  times. 

Prof.  Ethridge,  Prof,  Rupert  Jones,  Mr.  Benest  and 
others,  who  had  given  more  or  less  consideration  to  the 
subject  treated  of  by  Prof.  Hull  have  expressed  conclusions 
supporting  him.  Sir  Archibald  Geikie  said  that  while  there 
might  be  dissentient  opinions.  Prof.  Hull's  methods  were 
the  sound  ones-  He  considered  that  the  processes  of  ero- 
sion shown  by  Hull  went  back  to  Tertiary  times,  otherwise 
giving  a  preliminary  acceptance  of  Hull's  views.  Mr.  W. 
H.  Huddleston  says :  "what  evidence  is  thfire  that  any  por- 
tion of  this  part  of  Europe  was  raised  6,000  feet — during 
a  period  so  recent  as  the  Pliocene?"  as  if  the  valleys  them- 
selves were  not  evidence,  and  in  a  paper  which  he  pub- 
lished with  a  fine  bathymetrical  map  he  leaves  out  just 
those  /itiie  unimporiont  thines — the  channels — which  are 
the  fundamental  feature  of  Prof.  Hull's  work.  But  Hull 
further  replies,  referring  to  the  community  of  origin  of  the 
fauna  and  flora  of  Iceland  and  Scotland  (representing  a 
minimum  elevation  of  3,300  feet),  also  to  the  floral  con- 
nection of  Ireland  with  Spain,  the  late  glacial  conditions 
of  the  Atlas  mountains  and  their  greater  extent  in  Europe, 
the  late  connection  of  .Africa  with  Sicily  and  Italy,  and 
the  migration  of  animals  by  this  bridge. 

As  recognized  by  several  of  his  confreres,  Prof.  Hull 
has  opened  up  a  new  science  in  Europe,  Scattered  data 
had  been  accumulating,  but  it  was  not  a  science.  Most  of 
his  critics  want  longer  time  allowance,  preferring  to  extend 
the  features  over  more  periods  rather  than  allowing  more 
time  to  the  recent  geological  epochs,  but  this  difficulty  will 
right  itself.  The  lower  parts  of  the  submarine  channels 
may  belong  to  earlier  Tertiary  times,  if  so,  they  were  re- 
opened about  the  beginning  of  the  early  Pleistocene  period. 
But  some  have  not  learned  the  grammar  of  the  science, 
consequently  their  translation  can  scarcely  be  accepted  with 
authority  as  it  does  not  show  the  real  difficulties.  The 
great  difficulty  in  accepting  these  submarine  valleys  as  of 
atmospheric  origin  lies  in  the  fact  that  they  are  world  wide 
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and  would  imply  tremendous  changes  all  over  the  earth 
since  middle  Tertiary  times.  These  changes  in  the  moun- 
tains have  been  more  or  less  studied,  but  their  counterparts 
heneath  the  sea  are  less  accessible  and  have  hitherto  bften 
largely  passed  over.  Now  they  have  their  innings,  and 
Prof.  Hull  has  been  a  creator  of  a  new  chapter  of  earth's 
science.  Hull  it  was  who  specially  surveyed  the  Jordan- 
Arabah  valley,  which  is  the  continuation  of  Prof.  J.  W. 
Gregory's  "great  rift  valley."  This  circumstance  specially 
fitted  him  for  judgment  on  the  submarine  valleys,  although 
the  evidence  was  less  complete  than  he  would  wish  for. 
Yet  in  the  face  of  Prof.  Hull's  evidence  Prof.  Gregory  made 
the  following  criticism : 

•'Prof.  Hall's  tbeory  bas  the  BttractlvcneBS  of  simplicity,  but 
It  Involves  the  very  improbable  BSBumptlon  of  a  9000  feet  elevation 
of  tbe  coast,  wbereas  there  Ib  no  proof  of  such  elevation  on  the 
adjolnins  shores.  This  Improbability  renders  necessary  a  careful 
consideration  of  the  alternative  theories  of  the  formation  of  these 
submerged  canyons.  There  is  no  doubt  that  some  of  these  chan- 
nels are  submerged  river  channels,  but  In  many  cases  the  explan- 
ation 1b  doubtful.  Thus  Marcel  Bertrand  has  explained  the  'Hurd 
deep'  as  a  line  of  aubaidence  by  folding,  and  that  auggestion  must 
be  refuted  before  we  can  accept  tbe  Kurd  deep  aa  a  river  chauneL 
_  Another  theory  explalna  these  channela  aa  canyons  of  deposition 
'  instead  of  canyons  of  erosion.  For  instance  there  Is  the  canyon 
off  the  mouth  of  the  Congo,  which  Buchanan  attributea  to  materials 
brought  down  by  the  river  being  deposited  on  either  aide  of  the 
mouth.  In  some  casea  these  canyons  occur  where  it  la  quite  im- 
poBBlble  that  they  could  have  been  formed  by  subsidence;  e.  g.  at 
the  eastern  end  of  lake  Geneva,  where  the  Rblne  flows  Into  tbe 
lake,  there  la  a  canyon  which  cannot  have  been  formed  by  eroaion. 
Are  Prof.  Hull's  canyona  genuine  canyons,  or  are  Ibey  to  be  ex- 
plained by  other  theories?  In  the  case  of  the  'Hurd  deep',  there  is 
the  evidence  that  it  Is  a  probable  line  of  warping.  In  regard  to  the 
Irish  channel  river  there  la  no  single  depression  such  as  Prof. 
Hull's  diagrams  suggest,  but  a  series  of  elongated  banks  formed 
by  the  action  of  currents  •  ♦  ♦  The  paper  would  have  been 
more  convincing  had  it  given  a  monographic  treatment  of  one  or 
two  casea.  Instead  of  a  general  aurvey  of  a  wide  Held.  The  exist- 
ence of  some  submerged  river  channels  Is  probable,  hut  as  there  are 
alternative  theories  explaining  the  facta,  every  case  has  to  be 
judged  on  Ita  own  merits." 

To  this,  Prof  Hull  replies  that  "questions  of  probabil- 
ity or  otherwise  in  natural  science  subjects  are  matters 
which  I  (Hull)  cannot  possibly  recognize."  The  alterna- 
tive theory  of  the  Congo  based  on  the  building  up  of  the 
continental  shelf  and  slope  to  a  hight  of  6,000-7,000  feet 
with  the  channel  of  the  river,  doing  this  work  kept  open  is 
simply  an  impossibility,  for  the  power  of  the  current  soon 
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ceases,  as  shown  by  the  obstruction  at  the  mouth  of  the 
river  itself,  and  the  tendency  of  the  marine  currents  is  to 
fill  the  hollows.  Here  the  reviewer  would  add  a  few  words, 
as  he  has  been  anxious  to  discover  the  evidence  of  any 
other  explanation  for  the  phenomena  of  the  submarine  val- 
leys than  that  they  were  of  atmospheric  origin ;  for  one  one 
knows  better  than  Prof.  Hull  himself  the  startling  conse- 
quences of  such  conclusions.  As  Dr.  Gregory's  "destruc- 
tive criticism"  embraces  the  most  comprehensive  detail, 
they  may  be  examined.  When  Dr.  Gregory  tells  us  that 
Prof,  Hull's  theory,  which  is  an  induction  from  ascertained 
phenomena,  is  based  on  an  "improbable  assumption";  that 
a  channel  carrying  down  mud  may  remain  open,  while  a 
continental  shelf  of  7,000  feet  or  more  in  bight  is  being 
constructed,  is  a  valid  alternative  theory;  that  the  "Hurd 
deep,"  with  precipitous  bluffs,  lies  in  the  line  of  warping, 
without  offering  evidence  of  fact;  that  the  Rhone  canyon, 
in  a  small  mountain  lake  is  a  parallel  case  to  canyons  in  the 
continental  shelf  (and  even  the  critic's  assumption  that 
such  is  not  a  true  canyon  is  very  much  within  the  range  of 
non-acceptance)  that  the  Irish  sea  channel  does  not  exist 
(Here  Prof.  Hull  has  not  told  the  whole  story,  but  the  re- 
viewer has  verified  the  deepening  channel  from  St.  David's 
head  to  the  edge  of  the  continental  shelf  though  possibly 
obstructed  in  the  vicinity  of  52-fathoms,  it  finally  incises 
the  slope  to  a  depth  of  6,810  feet,  where  its  surface  is  sub- 
merged only  588  feet  on  one  side  and  3,000  feet  on  the 
other,  and  beyond  to  8400  feet)  we  are  led  to  conclude  that 
Dr.  Gregory  and  others  have  found  no  satisfactory  alterna- 
tive hypotheses,  for  lack  of  which  is  offered  the  above  "de- 
structive criticism,"  but  this  utterly  failing  greatly  strength- 
ens Prof.  Hull's  position.  The  clear  analyses,  though  in- 
complete, of  the  valleys  of  the  Adour  and  Congo  are  of  the 
nature  of  monographs  asked  for.  Even  with  these  two 
absolutely  complete,  they  could  not  have  satisfied  the 
hypothesis  concerning  the  continental  changes  without  the 
great  amount  of  cumulative  evidence  which  the  author  has 
assembled  and  skillfully  woven  into  a  chapter,  the  weak- 
ness of  which  does  not  lie  in  such  objections  just  men- 
tioned, but  in  not  considering  Dr.  Gregory's  position  that 
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"the  plan  of  the  earth  may  be  attributed  to  the  continual 
foundering  of  the  earth's  external  shell,"  a  place  for  which 
may  be  found  later,  but  is  not  necessary  at  least  at  this 
time. 

Whatever  the  explanations  of  the  great  land  valleys 
extending  across  the  continental  shelf  and  down  the  con- 
tinental slope,  to  Prof,  Hull  is  due  the  honor  of  assembling 
these  great  phenomena  together,  and  showing  that  in  a 
general  way  they  belong  to  the  same  cause,  and  so  far  as 
has  been  ascertained  have  been  fashioned  by  atmospheric 
and  river  erosion.  The  reviewer  regards  the  difficulty  of 
such  acceptance  as  not  in  their  form  but  in  the  conse- 
quences of  such  phenomena,  for  they  are  universal.  Their 
development  requires  more  time  than  is  popularly  assigned 
to  the  late  geological  periods.  This  impression  will  have 
to  give  way  to  the  evidence,  if  not  sustained.  Doubtless 
adjustments  will  be  obtained  on  this  point.  We  do  not 
know  the  causes  of  changes  of  level,  nor  do  we  need  to 
wait  till  then  to  accept  the  facts.  Were  the  phenomena 
alternating?  The  continental  shelves  seem  to  challenge 
such  assumption;  if  sychronous  then  an  incomprehendible 
change  of  hydrosphere  or  lithosphere,  or  both,  or  a  de- 
pression of  the  ocean's  bed — even  the  enormous  changes 
of  level  of  the  Asiatic  plateaus  in  recent  times  we  accept 
without  understanding  them.  The  facts  of  the  submarine 
valleys  are  now  too  well  established  to  set  aside  because 
we  do  not  know  more  about  them.  They  form  a  new 
chapter  carrying  us  further  in  the  unknown  history  of  the 
surface  features  of  the  eartfi.  We  are  particularly  fortu- 
nate in  having  this  work  done  by  the  author  of  the  "Geolo- 
gical Survey  of  Western  Palestine,"*  who  as  already  men- 
tioned, has  studied  the  remarkable  Jordan-Arabah  valley. 

Returning  now  to  Prof.  Hull's  contributions  we  find 
"The  Physical  History  of  the  Norwegian  Fiords."t  The 
fjords  are  described.  But  we  shall  pass  on.  As  to  their 
origin  "the  fjords  are  primarily  the  outcome  of  rain  and 
river  erosion,  continued  through   long  ages  of  geological 
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history  ■  modified  somewhat  by  glacial  action  in  later  times, 
and  to  a  less  degree  by  changes  in  the  relations  of  land  and 
sea;  in  a  word  tliey  are  simply  partially  submerged  river- 
valleys."  "According  to  the  Scandinavian  geologists,  the 
cause  of  the  rapid  shallowing  of  the  great  sea-lochs,  on  ap- 
proaching their  outlet  in  the  North  sea,  is  the  piling  up  of 
enormous  masses  of  morainic  matter  by  former  glaciers 
which  descended  these  valleys. "  Hujl  considers  that  the 
channels  do  exist  beneath  the  various  sediments  while  the 
sea  floor  has  been  generally  leveled  over  by  tidal  and  other 
currents.  While  the  Sognefjord  reaches  to  a  depth  of 
nearly  4,000  feet,  from  the  character  of  the  continental 
slope  Prof.  Hull  concludes  that  the  late  elevation  was  at 
least  6,000-7,000  feet.  He  cites  Prof.  Brogger  as  authority 
for  the  conclusion  that  the  late  elevation  reached  at  least 
8,528  feet  during  the  epoch  of  the  greatest  ice  sheet;  this 
conclusion  being  derived  from  the  occurrence  of  a  bed  of 
littoral  shells  at  a  depth  of  2,600  metres.t  Prof.  Hull  calls 
attention  to  the  marine  terraces  of  Trondhjem  and  Chris- 
tiania  fjord  to  the  hight  of  about  615  feet,  while  between 
these  points  nearer  the  coast  the  terraces  are  much  lower. 
These  show  later  changes  of  level. 

Prof.  Hull's  first  paper  was  suggested  by  the  evidence  of 
great  changes  of  level  shown  by  Warren  Upham  and  the 
reviewer  before  he  had  made  his  own  classic'  researches. 
The  subject  was  "Another  Possible  Cause  of  the  Glacial 
Epoch,"*  which  he  attributed  primarily  to  the  great 
changes  of  level,  afterwards  shown  in  his  -own  contribu- 
tions, the  land  having  attained  to  the  great  elevation  of  at 
least  7.000  or  8.000  feet  in  ihe  early  Glacial  period,  although 
there  was  subsequently  an  interglacial  or  post-glacial  sub- 
mergence of  1,200  feet  in  Britain.  These  contributions  are 
new  facts  treated  in  a  philosophical  manner,  and  could  now 
perhaps  be  put  in  a  monographic  form.  They  must  be  a 
foundation  tor  all  subsequent  research  in  terrestrial  move- 
ments and  the  consequences  thereof.  They  also  prove  that 
a  man's  greatest  work  is  not  confined  to  his  earlier  years; 
and  in  spite  of  all  he  has  done,  the  author  considers  this 

t  Noreea   K^olOBlBke   nndAreecsUa,  No.  SL  P.  <8I. 
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his  best  work,  which  has  been  fully  recognized  in  a  recent 
great  monograph  by  Dr.  Nansen, 

NOTE, — Reference  was  made  on  page  . .  to  Pretf.  Broegger'a 
citation  of  the  occurrence  of  shallow  water  found  at  great  depths. 
The  dredglngs  were  made  at  several  localities  near  Spitsbergen  and 
between  Iceland  and  Jan  Mayon.  In  the  former  region  a  conaider- 
tU>le  number  of  Arctic  shells  were  obtained  at  6E>G  and  at  1333 
fathoms;  and  In  the  latter  at  495,  729,  S67,  1009,  and  1309  fathoms. 
Dr.  P.  Nansen's  conclusions  that  they  have  been  transported  by  ice 
in  recent  time  is  extremely  Improbable,  and  this  being  the  case 
Prof.  BrSgger  says,  "no  other  explanation  Is  left  than  the  supposi- 
tion of  the  former  uplift  of  the  sea  bottom"  to  about  8400  feet.  (loc. 
cited). 


Bf  Edwibd  H    Kbidb.  Ann  Arbor,  Utcb. 

The  island  of  Put-In-Bay,  Ohio,  in  the  southwestern 
portion  of  lake  Erie,  has  for  some  time  past  been  noted  for 
its  interesting  caves.  There  are  four,  which  are  now  open 
to  the  public.  They  are  Danssa's,  Kindt's,  Perry's,  and 
the  "Crystal"  or  "strontian"  caves..  The  first  two  are  in- 
teresting because  of  their  stalactites.t  The  "Crystal"  cave 
is  instructive  on  account  of  its  beautiful  crystallizations  of 
celestite.l  Perry's  cave  is  the  largest  of  the  four  and  is 
perhaps  over  200  feeti  in  its  extreme  dimensions.  The  maxi- 
mum hight  of  this  cave  is  about  ten  feet. 

The  rocks  of  the  island  have  been  assigned  to  the 
Lower  Helderberg  epoch.  These  horizontally  stratified 
rocks  have  been  greatly  disturbed  in  the  immediate  vicin- 
ity of  the  caves,  but,  as  yet,  no  trace,  whatever,  of  volcanic 
action  has  been  noted  at  any  point  in  this  region.  The 
peculiar  condition,  however,  of  the  roof  and  also  the  floor 
of.  the  Perry  cave  gives  us  a  clew  to  the  probable  cause  of 
the  rock  disturbances,  if  not  of  all  the  caves,  of  Perry's  at 
least. 

•  React  before  the  Philadelphia  m«etlng  of  the  aeoloslcal  Society 
ot  America,  December  19,  UOl 

i  The  BtalactltM  of  this  oave  have  raeently  been  studied  by  Fuller  in 
rcKard  to  their  bearing  upon  recent  land  tilting,  Sciinti.  N.  S  ix.  IBl. 
1904. 

X  Wri^i.  a  recently  dlBcorered  cave  of  celeatlte  crystals  at  Put- 
In-Bay,     Ohio.    AiKtTicaH  Geologiet.  iiir,  iSt. 

Kraus,    Occurrence    and    Distribution  o(  Celeatlte-bearlng  Rocks.     Amiri- 
cm  Jounal  cf  Snetiii,  lii,   I90S. 
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The  roof  of  the  Perry  cave  is  very  interesting  in  that 
it  is  gently  arched.  Many  of  the  strata,  composing  it,  do 
not,  however,  extend  entirely  across  the  cave.  The  roof, 
therefore,  in  some  places  has  an  appearance  similar  to  in- 
verted steps.  The  floor  conforms  to  the  uneveness  of  the 
roof,  for  where  there  is  a  depression  in  the  former  there  is  a 
corresponding  projection  downward  in  the  latter  and  vice 
versa.  This  phenomenon  is,  doubtless,  the  result  of  fold- 
ing and  subsequent  collapse. 

The  question,  which  must  be  settled  first,  is  what  has 
brought  about  the  rock  disturbances  inasmuch  as  there  is 
no  evidence  of  volcanic  action.  During  the  past  summer 
several  wells  were  drilled  on  the  island.  The  one  on  the 
farm  of  Louis  Schiele  on  the  southeastern  shore  of  the 
island  reached  a  depth  of  170  feet.  Below  a  depth  of  100 
feet  alternate  layers  of  gypsum,  shale,  and  limestone  were 
encountered.  Some  of  these  deposits  of  gypsum  were  10 
feet  thick.  The  cores*  between  the  depths  indicated  show 
that  a  very  large  amount  of  brecciation  has  taken  place,  giv- 
ing evidence  to  the  fact  that  the  gypsum  is  the  result  of 
the    hydration  of  anhydrite. 

The  hydration  of  anhydrite  is  always  accompanied  by 
an  increase  in  volume.  Credner.t  Fritsch.t  Bauer,!  and 
Geikie  1  estimate  the  increase  in  volume,  thus  brought 
about,  to  be  approximately  33  per  cent.  On  the  other  hand, 
however,  such  reliable  authorities  as  J.  D.  Dana**  and  Nau- 
mann-Zirkel  tt  place  this  increase  in  volume  at  a  much 
higher  figure,  namely  60  per  cent.  J.  Roth.tt  moreover, 
has  carefully  calculated  the  change  in  volume,  which  must 
result  when  anhydrite  takes  up  two  molecules  of  water  of 
crystallization  to  form  gypsum,  and  estimates  the  same  to 
be  as  high  as  62.3  per  cent.  Perhaps,  in  some  instances, 
values  between  those  just  indicated  would  represent  the 
true  amount  of  increase. 

•  Th«  well  was  sunk  by  meana  of  a,  aooalled  "ahat  drtU"  about  three 
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For  our  consideration  it  is  important  that  there  is  actu- 
ally an  increase  in  volume  when  anhydrite  becomes  hy- 
drated  and  concerning  this  point  there  can  be  no  question, 
whatever,  as  the  cores  from  the  Schiele  well  furnish  the 
best  of  evidence.  Furthermore,  all  the  authorities,'  cited 
above,  agree  that  this  increase  is  sufficient  to  exert  enor- 
mous pressure  directed  upward,  and  also,  that  the  disturb- 
ances, which  are  generally  encountered  in  the  rocks  overly- 
ing gypsum  deposits,  are  to  be  referred  to  such  a  cause. 
Bischoff*  and  Crednert  cite  many  instances  where  disturb- 
ances have  been  noted.  Among  the  various  localities, 
which  are  mentioned  by  the  former,  we  find  especial  refer- 
ence to  two  American  sections,  namely  Oneida  and  Onon- 
daga counties  in  the  state  of  New  York,  where  very  pecu- 
liar conditions  of  the  strata  exist.  In  these  localities  very  - 
considerable  deposits  of  gypsum  occur — in  some  instances 
as  thick  as  60  or  more  feet. 

There  is  no  question  as  to  the  enormity  of  the  force 
exerted  by  freezing  water  and  yet,  the  increase  in  volume, 
caused  by  the  water  passing  from  a  liquid  to  a  solid  con- 
dition, is  but  9  or  10  per  .cent.  It  has,  nevertheless,  been 
estimated  that  the  force  thus  exerted  is  no  less  than  138 
tons  per  squarie  foott  or  1,916  pounds  per  square  inch.  Thus, 
we  find,  if  we  consider  the  lowest  figures,  given  above,  as 
correct  for  the  increase  in  volume  accompanying  the  change 
from  anhydrite  to  gypsum,  namely  33  per  cent,  that  this 
increase  is  more  than  three  times  that  indicated  above  for 
freezing  water,  and  hence,  a  much  greater  force  would 
necessarily  be  exerted,  even  if  the  compressibility  of  gyp- 
sum be  somewhat  greater  than  that  of  water.  In  this  con- 
nection both  Bischoff  and  Credner  say  that  this  increase 
in  volume  is  the  cause  of  the  uplifts,  folding,  and  faulting, 
which  are  so  commonly  noticed  in  the  overlying  and  ad- 
joining strata — a  phenomenon  which  formerly  gave  rise  to 
the  notion  that  gypsum  was  of  eruptive  origin.  Dana, 
Geikie,  Prestwick,  and  many  others  also  indicate  the  fact 
that  the  hydration  of  anhydrite  is  usually  accompanied  by 
local  disturbances. 

*ChimiicAt  GtBheii    H,   18S-197. 

t  GetlBgit  8te  Aufla«e,  1BS7.  100-301. 

t  Brigkam.  A  text-book  at  OeolOK;.  1M2.    24. 
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Thus,  knowing  that  in  the  immediate  vicinity  of  these 
caves  there  is  a  large  deposit  of  gypsum,  formed  by  the 
hydration  of  anhydrite,  we  must  assign  to  this  change  the 
cause  of  the  rock  disturbances  of  the  locality.  Gypsum, 
however,  is  quite  readily  soluble  in  water,  for  according  to 
Kohlrausch  and  Rose*  one  part  of  gypsum  is  soluble  in  483 
parts  of  water  at  15°  C.  That  a  very  abundant  supply  of 
water  is  present  to  bring  about  the  solution  of  the  gypsum 
is  evidenced  by  the  fact  that  the  level  of  the  lake  is  reached 
at  a  depth  of  about  40  feet.  This  can  be  readily  seen  in 
several  of  the  caves. 

The  passing  of  gypsum  into  solution  on  a  large  scale  is 
well  known  and  may  be  observed  in  almost  all  gypsum 
quarries.  When  the  mass  of  the  mineral,  thus  removed,  is 
of  a  considerable  size,  the  overlying  strata  in  many  in- 
stances sink.  Among  others,  Bischoff  and  Credner  cite 
many  such  cases.  Bischoflf  says,  that  oftentimes  the  rocks 
overlying  gypsum  deposits  first  undergo  uplift,  folding  and 
so  forth  and  then  as  the  mineral  below  is  dissolved  and  re- 
moved these  strata  may  settle,  assuming  a  position  nearly 
horizontal,  thereby  not  revealing  the  fact  that  they  had 
been  disturbed  at  all.  Credner*  also  refers  to  interesting 
phenomena  at  Eislehn,  where  conditions  somewhat  similar 
to  those  at  Put-In-Bay  exist. 

In  the  case  at  the  Perry  cave,  we  have  had  the  folding. 
Solution  has  also  taken  place  but  not  all  of  the  overlying 
strata  settled  into  a  nearly  horizontal  position — some  were 
left  in  the  position  they  assumed  as  the  result  of  the  folding 
and  now  appear  like  an  arch  on  a  bridge  or  vault. 

The  accompanying  figure  shows  an  ideal  section 
through  the  Perry  cave.  Layers  i  and  2  show  that  the  roof 
of  the  cave. is  still  arched.  Layers  3  and  4  represent  the 
strata,  which  give  evidence  of  a  collapse  for  they  do  not 
extend  continuously  across  the  cave.  The  step-like  ar- 
rangement of  the  strata  at  a  and  b  conforms  exactly  to  c 
and  d  in  the  roof.  These,  however,'  are  not  the  only  evi- 
dences of  a  collapse,  for  we  often  can  note  concave  or  con- 
vex unevenesses  in  the  floor  and  directly  above  we  find 

•  Ga/tgit  3te    Auttage,    1S9T,    2X1,  22^ 
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forms  in  the  roof,  which  correspond  to  the  uneven  places 
in  the  floor. 

We  may,  therefore,  sum  up  as  follows:  The  change 
of  anhydrite  to  gypsum  has  given  rise  to  the  folding  which 
is  quite  prevalent  in  this  section,  the  abundant  water  supply 
has  caused  the  solution  of  large  amounts  of  gypsum,  where- 
by a  partial  collapse  of  the  overlying  strata  resulted,  leav- 
ing an  open  space  between  the  strata,  which  still  remain 
folded  and  those  which  settled.  No  doubt  this  explanation 
will  also  apply  to  the  formation  of  some  of  the  other  caves. 
In  the  "Crystal"  cave  it  is  difficult  to  make  observations  as 
to  the  relation  of  the  roof  to  the  floor  on  account  of  the 
large  number  of  well  developed  celestite  crystals,  which 
occur  attached  on  all  sides  of  the  cave.  In  Kindt's  cave  the 
conditions  are  somewhat  similar  to  those  in  Perry's.  As 
yet  I  have  not  been  able  to  examine  Danssa's  cave,  but  in- 
asmuch as  this  cave  is  in  very  close  proximity  to  the  Perry 
cave,  the  above  explanation,  no  doubt,  also  applies  to  it. 
Mineralogical  Laboratory,    University  of  Michigan. 


THE  GEOLOGICAL  AND  TOPOGRAPHICAL  FEATURES  OF  THE 

CITY  OF  MONTEREY,  NUEVO  LEON,  MEXICO,  AND  IT8 

VICINITY. 

EniiST  WiTTHiNii.  VanWrej-,  Hei. 

Sir: — While  recently  la  the  City  of  Monterey,  Mexico,  I  was 
gre&tly  struck  by  the  Bing:ular  geolosical  formation  of  the  canyoue 
and  mountain  ranges  In  the  vicinity.  The  lofty  and  slender  peaks 
of. blue  limestone  rising  abruptly  from  ttie  level  campania,  wltb 
almost  vertical  stratifications  which  give  tbem  the  appearance  of 
Huted  columns  are  truly  impressive,  not  to  say  weird-looking,  dltter- 
ing  so  greatly  from  anything  to  be  seen  out  of  New  Spain.  One 
tolly  recognizes  the  force  of  Humboldt's  words: 

"There  is  scarcely  another  part  of  uor  globe  where  the  moun- 
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"tains  preBent  so  eztrftordlnary  a  atructure  as  in  New  Spain. 
•>••••  -pjjQge  Immense  plains  eleTated  to  the  hlght  of  oar 
"highest  mountains;  those  gigantic  peaks  hewn  with  such  regnlKritr 
"Into  conical  forma;  those  abrupt  chasms,  so  deep  that  tbe  ej9  can 
"scarcely  penetrate  their  sloomy  abyses; — nothing  in  oar  regular 
"formations  has  prepared  us  to  see  and  comprehend  these  things, 
"nothing  fllU  the  space  which  exists  In  our  minds  between  our  pro- 
"vIouB  obseiratlons  and  that  which  suddenly  strikes  our  view." 

Very  remarkable,  too,  are  the  boriiontal  beds  of  ctaalk-llke  de- 
posits called  "Slllares"  overlying  the  water-bearing  stratum  of 
gravel,  the  more  so  as  tbey,  in  common  with  the  hard  Ilmestoite 
appear  to  be  absolutely  non-foslliferous. 

Finding  that  my  friend,  Mr.  Bmest  WIttmann,  a  scleatlllc 
Austrian  gentleman  residing  at  Monterey  liad  spent  considerable 
time  In  studying  these  Interesting  features,  I  suggested  that  he 
write  out  some  of  the  results  of  his  inTestigations,  particularly  as 
BO  little  seems  to  be  known  or  the  geology  of  this  part  of  Mexico. 
He  has  compiled  with  my  suggestion,  and  hopes,  wltli  me,  that  tli? 
Inclosed  manuscript  may  prove  of  snfflclent  merit  to  Suatitj  Ita 
publication  In  your  columns. 

220  West  S7tb  St.,  E,  Shuuiah  Gould. 

New  York. 

The  city  of  Monterey  in  the  state  of  Nuevo  Leon,  well 
known  as  one  of  the  best  developed  centers  of  industry  of 
the  republic  of  Mexico,  is  also  a  very  interesting  point  for 
geological  study. 

On  the  southerly  side  of  the  city,  rises  the  great  range 
of  the  eastern  Sierra  Madre  with  its  picturesque  foot  hills; 
east  of  it,  and  divided  from  it  by  the  deep  and  narrow 
Huajuco  canyon,  the  Sierra  de  la  Silla,  or  Saddle  mountain, 
rears  its  lofty  peak. 

West  of  the  city  are  the  foot  hills  of  a  mountain  range 
called  the  Sierra  de  la  Mitra,  a  branch  of  the  Sierra  Madre. 
Upon  these  foot  hills  stand  the  ruins  of  the  old  "Bishop'? 
Palace,"  partly  destroyed  by  the  cannon  balls  of  general 
Taylor. 

Between  the  Sierra  Madre  and  the  Sierra  de  la  Mitra, 
lies  the  valley  of  Santa  Catavina  through  which  runs  the 
river  of  the  same  name.  On  the  north  side  of  the  city 
stretches  a  level  plain,  some  portions  nf  which  are  very  fer- 
tile and  yield  rich  harvests  of  corn,  sugar  cane  and  vegeta- 
bles. 

About  five  miles  north  of  the  city  this  plain  is  brokta 
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by  an  isolated  mountain,  some  four  miles  long  and  two  and 
a  half  wide  called  the  Sierra  del  Topo,  renowned  for  its 
hot  sulphur  springs  which  appear  on  the  southeasterly 
•slope  near  the  little  village  of  San  Bernabe. 

Farther  north  are  other  mountain  ranges  which  closo 
the  valley  on  three  sides,  having  their  slope  from  west  to 
east,  with  the  Sierra  del  Topo  as  a  center. 

On  the  east  side  are  low  hills,  between  which  the  riv- 
ers Santa  Catarina  and  Pescaria  find  their  way. 

Such  is  the  topography  of  Monterey  as  it  appears  to- 
day. But  what  enormous  changes  must  have  taken  place 
in  former  periods! 

The  Sierra  del  Topo  and  the  Topo  Chico  wl^ich  rise 
out  of  the  plain  that  bounds  the  city  on  the  north,  are  of 
plutonic  origin,  overlain  by  vast  diluvial  formations,  to 
which  class  all  the  other  ranges  also  belong. 

The  Topo  Cbico  is  of  a  nearly  pure  limestone  (99.20%), 
very  glossy,  but  semi-cristalline,  with  veins  of  pure  gypsum 
and  numerous  "blow-otits"  (galena)  near  the  summit,  with 
lead  deposits  at  its  northwesterly  foot,  and  sulphur  springs 
of  a  temperature  of  102°  Fahr.  on  the  east.  The  strata  of 
the  surrounding  mountains  indicate  an  upheaval  towards 
the  Topo  Chico.  They  consist  also  of  limestone  of  varying 
density,  intermingled  with  magnesite,  etc. 

Imbedded  in  these  mountains  are  large  deposits  of  iron 
and  lead  ore,  mostly  in  pockets,  as  well  as  deposits  of  rock 
salt  and  other  alcaline  rocks  with  sulphate  of  soda  in  excess. 
In  many  places  the  soluble  portions  of  these  rocks  are 
washed  out,  leaving  channels  for  the  subterranean  water- 
courses, some  of  which  are  sweet  and  others  more  or  less 
mineralized. 

At  a  former  period,  probably  after  the  upheaval  of  the 
Topo  Chico  mountain,  the  valley  of  Monterey  was  a  vast 
lake.  The  foremost  scientist  of  his  day,  Alexander  von 
Humboldt  recognized  this  fact.  Natural  appearances  indi- 
cate that  the  present  level  of  Monterey  was  probably  more 
than  160  feet  below  the  surface  of  this  lake  which  must 
have  been  inclosed  by  hills  on  the  east  side  of  the  valley, 
through  which  at  a  later  period  it  found  an  outlet.  The 
evaporation  from  this  lake  must  have  been  enormous,  and 
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the  water  charged  with  lime  from  flowing  through  a  lime- 
stone forniation,  would  naturally  leave  a  chalky  deposit. 
More  than  130  feet  above  the  present  level  of  the  town  wc 
iind  this  deposit  lying  in  thick  beds,  and  also  underlying 
the  city  at  a  depth  below  the  surface  of  from  one  to  ten 
feet,  with  a  thickness  of  from  30  to  40  feet. 

Till  within  the  last  ten  years  this  deposit  of  soft  lime- 
stone, called  "sillar,"  which  has  the  color  and  consistency 
'  of  chalk  and  lies  in  horizontal  beds,  has  been  the  only 
building  material  in  use  in  the  city  of  Monterey,  and  it  is 
still  employed  for  nearly  all  common  buildings  on  account 
of  its  cheapness  and  many  excellent  qualities.  It  loses  its 
■coherence  when  subjected  to  a  temperature  below  the 
freezing  point. 

Underneath  this  formation  is  found  a  bed  of  coarse 
gravel  mixed  with  large  boulders  through  which  an  abund- 
ance of  fresh  water  flows.  The  depth  of  this  gravel  bed 
has  never  been  ascertained.  The  present  water  supply  of 
■the  city  comes  from  wells  sunk  down  to  this  formation.  In 
these  wells  the  water  shows  a  tendency  to  flow  from  south- 
west to  northeast.     In  some  the  flow  is  clearly  visible. 

As  we  do  not  know  how  much  of  the  sillar  deposit  has 
been  carried  away  in  solution,  or  how  the  temperature  and 
climatic  conditions  may  have  changed  since  the  time  of  its 
formation,  it  is  impossible  to  make  an  exact  estimate  of 
the  time  re(|uired  to  lay  down  the  vast  beds  which  now 
exist.  Granting  that  the  conditions  were  the  same,  or 
nearly  the  same  as  they  are  to-day,  we  may  assume  the 
evaporation  from  the  surface  of  the  former  lake  to  have 
been  about  three  sixteenths  of  an  inch  in  24  hours,  or 
about  6  cubic  feet  per  square  foot  of  surface,  per  year.  The 
evaporated  water  may  have  contained  0.385  parts  of  prim- 
ary calcium  carbonate  in  1000  parts  of  water,  or  0.24  of 
secondary  carbonate  of  lime  at  a  temperature  of  59°  Fahr. 
An  analysis  recently  made  by  Mr.  Butsch,  chemist  of  the 
Monterey  steel  works,  resulted  in  0.23  parts  carbonate  of 
lime  in  1000  parts  of  water. 

The  former  temperature  may  have  been  higher  than 
59°,  so  we  may  assume  0.25  parts  in  1000  parts.  This  would 
give  a  yearly  precipitation  of  0.0015  f^-  f""  15  feet  in  10,000 
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years.  As  the  precipitation  would  be  the  same  whether 
the  water  was  5  feet  or  150  feet  deep  we  cannot  estimate 
the  true  thickness  of  the  bed  from  the  drfference  between 
the  highest  and  the  lowest  level,  but  we  ma}-  safely  assume 
that  the  deposit  below  Monterey  represents  the  least  pOssi- 
ble  thickness. 

Reasoning  as  above,  a  period  of  not  less  than  22,472 
years  would  be  necessary  to  deposit  the  existing  bed  of 
sillar.  But  how  many  thousand  years  have  passed  since 
that  lake  disappeared  and  the  rivers  took  its  place  and  com- 
menced their  own  work  of  destruction  and  reconstruction? 
Our  surest  guide  in  geological  study  is  lacking  in  this  case. 
No  fossils  are  found  in  the  sillar,  no  shells  of  Crustacea 
which  would  help  to  fix  the  period  of  the  deposit.  At  least 
the  author  has  never  succeeded  in  finding  any.  But  the 
undisturbed  condition  of  the  horizontal  beds  of  sillar  indi- 
cate that  since  their  deposition  commenced  there  has'  been 
no  further  volcanic  eruptions  in  the  valley. 

Below  the  gravel  beds  of  undetermined  thickness,  we 
would  surely  find  the  disrupted  and  uplifted  lime  rock,  and 
below  that  again  the  limestone  of  Topo  Chico.  An  artesian 
well  sunk  to  a  considerable  depth  in  former  years  failed  to 
give  definite  results,  for  the  drill  broke  and  the  work  was 
stopped  when  a  depth  of  2,000  feet  was  said  to  haVe  been 
reached. 

A  possible  explanation  of  the  origin  of  the  Topo  Chico 
mountain  may  be  that  a  mass  of  plutonic  rock  in  a  state  of 
refusion  and  under  enormous  pressure  partly  penetrated 
and  partly  uplifted  the  overlying  stratum  of  diluvial  rock. 
The  rounded  top  of  the  mountain  leads  to  the  belief  that 
the  whole  mass  while  in  eruption  was  in  a  semi-fluid  con- 
dition. The  eruption  was  followed  by  an  outburst  of  sul- 
phurous gases  which  must  have  continued  for  a  long  time 
to  penetrate  the  cracks  and  fissures  i-msed  by  the  contrac-- 
tion  of  the  crust  while  in  process  of  cooling.  These  fissures, 
from  half  an  inch  to  over  three  feet  in  width,  have  been 
nearly  all  closed  by  the  action  of  the '  fumes  of  sulphur 
which  changed  the  carbonate  of  lime  to  sulphate  of  lime. 

Not  all  of  these  cracks  and  fissures  have  been  thus 
nearly  all  closed  by  the  action  of   the  fumes    of    sulphur 
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about  three-quarters  of  a  cubic  foot  per  second  comes  to  the 
surface  at  a  temperature  of  102°  Fahr.,  and  charged  with 
sulphur  to  the  saturation  pcunt  at  this  temperature.  Other 
ingredients  are  also  found  in  this  water,  but  in  insignificant 
quantities.  The  temperature  of  the  water  indicates  that 
it  must  come  from  a  depth  of  3,000  feet,  and  this  also  con- 
veys an  idea  of  the  depth  of  the  plutonic  formation  which, 
of  course,  lies  still  deeper. 

The  opinion  has  been  very  often  expressed  that  this 
water  is  forced  to  the  surface  by  artesian  pressure,  but  this 
idea  is  untenable  under  the  circumstances.  It  is  much 
more  likely  that  it  is  the  pressure  exercised  by  the  expan- 
sion of  the  heated  water  itself  that  brings  it  to  the  sur- 
face. 

Sprinkled  over  the  summit  of  this  mountain  are  small 
deposits  of  galena  but  not  on  a  scale  to  warrant  exploita- 
tion. Mining  operations  are  carried  on  at  the  northerly 
foot  of  the  mountain,  though  with  but  slender  results. 
There  may  be  a  great  body  of  ore  somewhere  in  the  vicinity 
but  if  so,  it  has  not  yet  been  discovered. 

Monterey,    October,   I9O4. 


CLASelFICATION  OP  THE  UPPER  CRCTACCOUS  FORMATIONS 

OF  NEW  JERSEY.* 
8TD»r  Wbllbi,  Chlekgo,  Ill- 
Three  classifications  of  the  Upper  Cretaceous  formations 
of  New  Jersey  have  been  published  in  the  reports  of  the  geo- 
logical survey  of  New  Jersey;  i,  Cook's  1868;  2,  Clark's  1892- 
97;  3,  Knapp  and  Kummel's  iScj&-igo4.  Cook  based  his 
classification  upon  the  lithologic  characters  of  the  beds,  fully 
differentiating  the  beds  of  the  "marl"  series.  Clark's  classi- 
fication was  based  in  part  upon  paleontologic  data,  but  his 
differentiation  of  the  beds  was  no  advance  over  that  of  Cook ; 
he  distinguished  four  major  divisions,  viz.,  Matawan,  Mon- 
mouth, Rancocas  and  Manasquan.  Knapp  and  Kummel 
have  differentiated  the  old  "clay  marl"  series  of  Cook  into 
five  formations,  viz.,  Merchantvitle,  Woodbury,  Columbus, 
Marshalltown  and  Wenonah.  based  upon  lithologic  charac- 
ters alone. 

•  Ab«traM  ot  ft  P>I>«r  rud  At  tiM    Fbll»4e)pbl&  atMUnc    O.    B.    A.. 
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The  paleontologic  studies  of  the  writer  not  only  add  very 
largely  to  the  previous  data  regarding  the  faunas  of  these 
beds,  but  also  show;  i,  that  the  five  "clay  marl"  formations 
of  Knapp  and  Kiimmel  are  as  sharply  difTerentiated  by  their 
fossil  contents  as  by  their  lithologic  characters;  and  2,  that 
the  "yellow  sand"  of  Cook,  which  was  finally  referred  to  the 
Miocene  by  Clark,  is  of  Cretaceous  age,  being  an  arenaceous 
facies  of  the  Vincentown  hme-sand  formation. 


DRUMLIN   AREAS  IN    NORTHERN    MICHIQAN.* 


There  are  at  least  two  regions  in  the  Northern  Peninsula 
of  Michigan,  in  which  drumlins  form  the  most  conspicuous 
features  of  the  topography.  One  of  these  areas  includes 
Les  Cheneaux  Islands  and  a  part  of  the  adjacent  mainland, 
on  the  north  shore  of  lake  Huron ;  and  the  other  area  is  sit- 
uated principally  in  Menominee  county,  to  the  west  of  Green 
bay. 

Les  Cheneaux  islands  area  embraces  about  70  square 
miles,  the  numerous  drumlins  within  it  are  of  the  elongate, 
ridge-like  type,  are  in  general  about  40  feet  high,  and  trend 
N.  W.  and  S.  E.  The  direction  of  ice  movement  to  which 
the  drumlins  are  due,  as  recorded  by  strice,  etc.,  on  rock  sur- 
faces, was  from  the  N.  W.  towards  the  S,  E.  Many  of  the 
drumlins  are  partially  submerged  in  the  water  of  lake  Huron 
and  form  Les  Cheneaux  islands  and  the  capes  on  the  border 
of  the  adjacent  mainland;  the  conspicuous  parallelism  of  the 
longer  axes  of  the  islands  and  of  the  neighboring  capes,  is 
due  to  this  cause.  The  drumlins  are  for  the  most  part  be- 
low the  horizon  of  the  N'ipissing  beach,  and  have  been 
washed  by  lake  waters  so  as  to  remove  the  greater  part  of 
the  fine  material  formerly  present  on  their  surfaces,  and 
concentrate  the  stones  and  boulders. 

The  Menominee  area  occupies  at  least  150  square  miles, 
and  contains  many  hundred  and  probably  several  thousand 
drumlins.  The  drumlins  are  most  of  the  ridge  like  type,  are 
usually  about  40  feet  high,  and  their  longer  axes  trend  N.  E. 
and  S.  W.  The  till  of  which  they  are  composed  is  reddish, 
t  the    niUadAlpbtft  ti]««tInK.    O,    S,     a., 
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sandy,  without  lamination,  and  contains  many  flat  slabs  of 
limestone  which  arc  without  orderly  arrangement.  Boulders 
of  native  copper  and  of  specular  iron  ore  found  in  the  till, 
Indicate  that  it  was  deposited  by  a  glacier  moving  from  the 
N.  W.  toward  the  S.  E.  Striae  etc.  on  rock  surfaces  in  the 
midst  of  the  drumlins,  recordan  ice  movement  from  the  N. 
E.  toward  the  S.  W.  The  longer  axes  of  the  drumlins  are 
not  strictly  parallel,  but  vary  in  trend  from  N.  32  degrees  E. 
to  >J.  55  degrees  E.  The  rock  on  which  the  drumlins  rest, 
is  Trenton  limestone,  and  has  a  conspicuously  even  surface; 
no  knobs  or  crags  are  present,  such  as  might  serve  as  nuclei 
for  till  accumulation.  The  larger  drumlins  rise  to  a  uniform 
hight  and  if  the  valleys  and  channels  between  them  were 
filled  a  nearly  horizontal  plain  would  be  produced.  The  de- 
pressions separating  the  drumlins  are  in  many  instances, 
smooth  surfaced,  concave  troughs ;  and  in  one  example  there 
is  a  well  defined  trench  of  this  character,  about  12  feet  deep 
and  from  20  to  30  feet  wide,  about  the  X.  E,  end  of  a  small 
dnimlin  and  extending  alc-ng  its  sides.  The  surfaces  of  the 
drumlins  to  a  depth  of  some  12  to  18  inches,  are  composed 
of  exceedingly  fine,  dust-like  loamy  sand,  which  contains 
loose  stones  and  boulders. 

The  drumlins  are  for  the  most  part  smooth-surfaced,  half 
cigar-shaped  hills  of  the  normal  type,  but  in  a  few  instances 
-  instructive  irregularities  are  present.  Among  these  are:  a 
flattening  of  a  portion  of  the  normally  elliptical  ground  plan 
as  if  a  marginal  portion  of  a  well-shaped  dnimlin  had  been 
removed  by  erosion,  leaving  an  abnormally  steep  slope ;  deep 
transverse  trenches  at  right  angles  to  their  longer  axes; 
straight  or  curved  trenches  extending  from  their  summits 
down  their  sides;  irregular  pits  in  their  normally  smooth 
surfaces:  and  in  one  instance,  a  terrace-like  shelf  with  a  con- 
vex longitudinal  profile,  parallel  with  the  crest  line  of  the 
drumlin  on  the  side  of  which  it  occurs. 

In  the  valleys  between  the  drumlins,  there  are  several 
eskers,  which  as  a  rule  are  in  a  general  way  parallel  with 
their  longer  axes,  but  in  a  few  instances  cross  their  trend 
nearly  at  right  angles.  In  one  example,  an  esker  extends 
each  way  from  a  transverse  trench  in  a  drumlin ;  and  in  a 
few  instances,  eskers  occur  on  the  tops  of  drumlins. 


)y  Google 


Fauna  of  the  CUffwood  CJays—  Weljer.  1 79 

From  the  evidence  just  summarized,  the  conclusion  is 
drawn  that  the  drumlins  of  the  Menominee  area  were  pro- 
duced by  ice  erosion  from  a  previously  deposited  till  sheet. 
This  explanation  is  essentially  ,in  harmony  with  the  theory 
of  the  origin  of  drumlins  advanced  several  years  since  by 
professor  Shaler. 

Attention  will  also  be  invited  to  the  importance  of  ice 
erosion  in  shaping  the  topography  of  glacial  deposits  in  other 
regions. 


FAUNA  OF  THE  CLIFFWOOD  CLAYS.* 

STD4KT  WlLLia,    CblckBO,    HI. 

The  flora  of  the  CUffwood  clays  on  the  south  shore  of 
Raritan  bay.  New  Jersey,  has  been  studied  in  detail  by  Hol- 
lick  and  Berry,  but  no  careful  study  of  the  fauna  of  these 
beds  has  previously  been  attempted.  An  investigation  of  this 
fauna  by  the  author  shows  its  close  relationship  to  the 
faunas  of  the  "clay  marl"  formations  above,  but  at  the  same 
time  shows  that  the  CUffwood  fauna  possesses  an  individual 
charcater  of  its  own.  The  geographic'  distribution  of  the 
beds  containing  the  fauna  is  limited  to  a  small  area  between 
CliflFwood  point  and  the  head  of  Cheesquake  creek,  while  the 
superjacent  Merchantville  clay,  with  its  uniform  fauna,  ex- 
tends entirely  across  the  state  of  New  Jersey.  The  basal 
line  of  the  Merchantville  clays  can  be  traced  as  a  natural  geo- 
logic horizon  across  New  Jersey,  separating  the  heterogen- 
ous, usually  non-marine  Raritan  beds  beneath,  from  the  re- 
markably constant  marine  beds  of  the  "clay  marl"  formations 
above.  The  marine  Cliffwood  clays  represent  a  limited 
transgression  of  the  marine  conditions  from  the  Atlantic 
basin,  into  the  area  where  non  marine  sedimentation  had 
been  in  progress  during  the  greater  portion  of  Raritan  time. 
These  Cliffwood  clays  are  the  most  notable  example  of  such 
marine  sediments  in  the  Raritan,  but  not  the  only  example, 
smce  marine  fossils  have  also  been  found  towards  the  base 
of  the  Raritan  near  Sayresville.  In  mapping  the  Cliffwood 
clays  they  should  be  included  in  the  Raritan  rather  than  with 
the  superjacent  beds. 

•  Abstract  ot  a  paper  read  at  the    Philadelphia  meetltiB.    G.     S.    A., 
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REVIEW  OF  RECENT  GEOLOGICAL 
UTERATURE. 


The  New  Madrid  Bartbquaie,  hy  Edwakd  H.  Shbfard.  Sptingfleld, 
Missouri,  (Journal  of  Qeology,  Vol.  13,  pp.  46-62.) 
This  paper  Is  of  unusual  Interest  because  of  the  explaaatlon  of 
tbe  earthquake  which  1b  there  proposed.  There  have  been  many 
theories  advanced  as  to  Ita  cause  during  the  century  which  has 
nearly  elapsed  since  the  quake,  but  practically  all  must  be  con- 
sidered as  mere  suggesUous,  as  the  writers  have  In  general  never 
visited  the  Held  nor  famUlarized  themselves  with  the  details  of 
evidence.  The  fact  that  the  problem  was  approached  through  hy- 
drologlc  Investigations  Is  of  interest. 

Professor  Shepard's  explanation  may  be  summarized  as  fol- 
lows: The  deposits  in  the  New  Madrid  region  consist  of  super- 
ficial clayey  beds  underlain  by  flue  sands  saturated  with  water 
under  considerable  artesian  pressure.  This  clay.  It  Is  thought,  had 
been  slowly  undermined  during  centuries  by  the  steady  removal 
of  fine  sand  by  springs,  which  still  exist  In  considerable  numbers 
and  bring  up  fine  sand  to  the  present  day.  A  slight  earthiiuake 
originating  probably  in  a  readjustment  of  some  fault  In  the  Ozarka 
communicated  itself  to  the  unconsolidated  deposits,  fracturing  the 
clay  capping,  upon  which  tbe  artesian  pressure  was  relieved  by 
the  extrusion  of  tbe  sand  and  water  as  described  by  nearly  all 
observers,  thus  permitting  the  warping  of  the  surface  through  the 
re-arrangement  of  the  materials  underlying  tbe  surface  clays.  A 
similar  explanation  Is  thought  to  be  applicable  to  the  changes  near 
Sbreveport,  Louisiana. 

Professor  Shepard's  suggestion  as  to  the  origin  of  the  shock 
in  tbe  Ozark  region  seems  to  be  a  good  one.  The  wave'llke  undu- 
lations of  the  surface  during  tbe  quake  are  characteristic  of  shocks 
which  have  been  transmitted  to  unconsolidated  materials  from  the 
harder  rocks,  and  its  assumed  western  origin  is  borne  out  to  some 
extent  by  the  fact  that  tbe  shock  became  progressively  less  severe 
through  the  settled  regions  to  the  East.  The  West  was  not  then 
settled.     [IS1M2.] 

Tbe  reviewer,  who  had  the  opportunity  of  accompanying  pro- 
fessor Shepard  on  one  of  his  trips  Into  the  region,  agrees  with  him 
as  to  the  probable  point  of  origin  of  the  earthquake,  and  as  to  the 
existence  of  a  clayey  surface  underlain  by  quicksand  saturated  with 
water  under  artesian  pressure.  He  believes,  however,  that  the 
springs,  occurring  as  they  do  only  in  stream  beds  sunk  some  dis- 
tance below  the  level  of  the  surrounding  flats,  represent  simply  tbe 
normal  Infiow  of  groundwater,  and  are  not  of  deep  seated  origin. 
Nor  does  the  sand  brought  up  by  such  springs  seem  to  be  In  suf- 
ficient quantities  to  account  for  any  extensive  undermining.    On 
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tbe  contniTi  so  far  &ii  can  be  obaerred,  the  extrualon  of  sand  In 
considerable  amounts  seems  to  be  a  featnre  strictly  associated  wltli 
the  earthquake.  In  the  writer's  opinion  there  was  little  prellmln- 
aiT  undermining,  the^xtrueion  o(  th«  qulskeaud.  which  wben  sat- 
urated will  often  flow  like  water,  being  limited  essentlallr  to  the 
period  of  shock.  The  permanent  warping  of  the  surface  would  ap- 
pear to  be  due  to  the  contemporaneous  undermining  at  certain 
points  due  to  the  remoral  of  the  sand  and  a  readjustment  within  the 
quicksand  bed  at  other  points.  x.  l.  f. 

New  Speciea  and  a  New  Genua  of  BatraebJan  Footprint*  of  the 

Carboniierona  Sjatem  in  Eastern  Canada,        Hj  Q.  F.  Matthbw, 

[Trans.  Royal  Society  of  Canada,  Zd  Ser,  vol.  x.  Sec  IV,  p.  77, 

Ottawa,  1904.] 

This  article  is  the  result  of  Dr.  Matthew's  studies  ot  some  addt 
tlonal  species  of  fossil  footprints  from  the  Carboniferous  system  of 
eastern  Canada. 

It  tumishes  a  more  complete  review  of  the  forms  already 
treated  of  in  his  former  paper  published  in  the  Canadian  Record 
of  Science,  Montreal,  and  of  earlier  articles  on  the  same  subject  to 
be  found  in  the  Bulletin  of  the  Natural  History  Society  (St.  John, 
N.  B.)  and  in  the  Transaction  of  the  Royal  Society  of  Canada. 

The  six  plates  of  figures  with  the  article,  show  how  diflerent 
In  type  are  footprints  of  the  Carboniferous  time  from  tbose  of  the 
Jura-Trias;  which  Is  quite  In  keeping  with  the  distinctness  in  or- 
ganization of  the  quadrupeds  of  the  two  epochs. 

The  article  has  a  special  value  in  presenting  more  clearly,  and 
from  additional  evidence,  the  characters  of  Dawson's  genus  Hylopus, 
which  Is  herein  considerably  limited.  It  gives  additional  particu- 
lars of  Dawson's  remarkable  species  Sauropu><  aoguikr,  which  Is 
referred  to  the  genus  Pseudobradypus  (See  Can.  Rec.  Scl..  vol.  Ix, 
No.  2,  p.  109). 

Special  comparisons  of  these  Carboniferous  fossil  footprints, 
are  made  with  those  of  the  living  frog  and  alligator,  as  regards  the 
number,  of  toe  prints  made  and  the  attitude  ot  the  toes.  The  mat- 
ter of  the  trail  of  the  belly  or  the  tail  shown  in  some  of  theae  fossil 
tracks  la  also  discussed. 

The  conclusion  arrived  at  is  that  there  are  marked  peculiarities 
In  the  fossil  prints  that  distinguish  them  from  those  of  modem  rep- 
tiles and  amphibians,  as  typified  in  the  alligator  and  frog,  and  show 
them  to  have  belonged  to  a  different  order  or  orders  of  animals. 

As  regards  the  length  of  stride  In  these  creatures,  "  the  blunt- 
toed  species  hold  a  middle  place,  and  those  whose  bodies  or  tails 
trailed  upon  the  ground,  took  much  shorter  steps  than  the  others. 
Many  of  the  long-toed  forms,  though  not  all,  had  a  long  stride." 

Dodge'a  Advanced  Geography.     R.  E.  Dodqb     pp.  xix  and  333.    Rand, 
McNally  &  Co.,  1904,  price,  $1.20. 
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This  book  iB  uniform  with  Dodge's  Elementary  Geography  which 
was  noticed  In  the  Geologist  fvol.  zxxIt,  p.  197),  and  compares  w«Il 
with  Its  predecessor  in  all  of  Its  points  of  excellence.      N.  H.  W. 

Studeats'  L»bormtory  Manual  of  Phjaical  Geo/rrapby.    Albert  Perrv 
Brichah,    pp.  153.    D.  Appleton  ft  Company,  New  York,  1905. 
One  of  the  Twentieth  Century  Text-books  edited  by  A.  F.  Night- 
ingale, Superintendent  of  Schools  of  Cook  County,  111. 
The  progress  of  the  geological  surveys  of  the  states,  and  par- 
ticularly that  of  the  United  States  Geological  Surrey,  has  made  such 
books  as  this  possible  to  the  American  student.     As  these  surveys 
have  led  to  a  more  detailed,  as  well  aa  a  more  systematic,  examin- 
ation of  the  features  of  the  land,  they  have  resulted  In  a  mass  of 
geological  and  geographical  Information  which,  as  yet,  is  very  large- 
■    ly  confined  to  the  orlgliial  official  reports.    It  Is  the  task  of  Dr.  Brig- 
ham  to  reduce  this  information  to  more  simple  terms  and  to  bring 
Its  final  results  Into  sharp  and  comprehensive  expression  and  In- 
dividual use,  and  at  the  same  time  to  make  the  student  an  inter- 
ested, If  not  an  eager,  Inquirer  In  pursuit  of  geographlcat  knowl- 
edge.   No  young  person  can  go  through  the  exercises  required  by 
this  categorical    inquisition    without    becoming    not    only  a  good 
geographer  but  a  fairly  good  geological  observer.  N,  H.  w. 

The  Face  ot  the  Earth  (Das  Antlitz  der  Brde}.      By   Edward  Suess, 
professor  of  geology  In  the  University  of  Vienna.     Translated 
by  Hhktha  B.  C  Solus,  under  the  direction  of  W.  J.  Sollab.  pro- 
fessor of  geology  in  the  University  of  Oxford.    Vol.  I,  with  4 
maps,  2  full-page  plates  and  48  other  Illustrations.     Oxford,  The 
Clarendon  Press.    Henry  Prowde.  London,  Edinburgh,  Glasgow, 
New  York  and  Toronto.    Price,  18.26.     Prof.  Suess  has  written 
a  special  preface  for  the  English  translation. 
We  had  occasion  to  notice  the  French  translation  of  this  great 
work  (vol.  T)  in  vol.  27,  p.  56,  of  the  Gbolucist.       The  work  of 
course  is  the  same,  in  an  English  garb — so  closely  the  same  that 
It  has  adopted  the  great  fault  of  the  original,  1.  e.,  the  lack  of  an 

At  the  opening  of  chapter  V  (p.  173)  is  the  following  statement; 
"Precise  Investigation  shows  that  a  measurable  displacement  of 
any  fragment  of  the  rocky  crust  of  the  earth,  with  regard  to  another, 
whether  It  takes  the  form  of  elevation,  subsidence  or  horizontal  dis- 
placement, has  not  yet  been  convincingly  established."  This  seems 
to  call  In  question  the  evidence  on  which  many  Important  geological 
prlsclplee  have  been  based,  such  as  block  mountains  and  all  fault- 
ing. We  are  reassured,  however,  by  the  following  sentence  with 
which  the  same  paragraph  closes:  "But  If  movements  do  not  actu- 
ally take  place  before  our  eyes,  yet  numerous  dislocations  abow 
that  they  have  often  occurred  on  the  grandest  scale,  and  frequent 
earthquakes  prove  that  they  are  not  yet  at  an  end." 
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The  work  when  completed  will  be  oae  of  the  moat  comprehen- 
sive and  pbtloBopblc  compends  of  the  features  of  the  earth's  ear- 
face  ever  conceived.  It  exceeds  Lyell's  as  Lyell's  surpasses  Hut- 
ton's,  because  of  the  Increased  knowledge  of  the  globe. 

Bhmenta  of  Mineralogy.  Crystallography  and  Blowpipe  Analysis 
from  a  practical  st&ndpolnt,  Including  a  description  of  all  com- 
moQ  or  useful  mlnerate,  the  tests  necessary  for  their  identifica- 
tion, the  recognition  and  measurement  of  tbeir  crystals,  and  a 
concise  statement  of  their  uses  in  the  arts.  By  Alwu'd  j.  moseb 
and  Charles  Lathkof  Parsons,  3rd  enlarged  edition,  pp.  444. 
Price,  (2.60,  net.    D.  Van  Nostrand  Company,  New  York,  1904. 

This  work  has  been  entirely  re-arran)^d  and  much  of  It  re-wrlt- 
ten.  Many  of  the  original  diagrams  and  figures  have  been  dis- 
carded, or  have  been  replaced  by  half-tone  photographs  of  real 
crystals.  "The  Introductory  portion  of  Part  III,  Descriptive  Miner- 
alogy, has  been  carefully  revised  and  re-written,  a  chapter  added 
upon  "Occurrence  and  Origin  of  Minerals";  the  discussion  of* chemi- 
cal composition  and  chemical  relations  of  minerals  made  more  thor- 
ough; the  optical  portion  slmpltfled,  and  the  phenomena  of  radio- 
activity, fluorescence  and  phosphorescence  described.  To  those 
who  know  the  excellence  of  the  earlier  edition  of  this  work  these 
Improvements  will  afford  reason  for  greater  use  and  higher  appre- 
ciation. N.  H    w. 

Gcohgy  of  tbeSbatier  Silver  Mining  District,  Presidio  Conaty.  Texas.  By 
J    A.  Udden      Texas  Mineral  Survey,  Bull.  8,  60  pp.,  11104. 

The  Shafter  mining  district  supports  the  only  successful  silver 
mines  of  Texas.  This  region  was  studied  by  professor  Udden  and 
a  report  Issued  fully  discussing  the  geologic  conditions.  Shatter  Is 
located  196  miles  southeast  of  El  Psso,  in  the  Chlnatl  mountains. 

The  sedimentary  rocks  are  represented  by  Carboniferous  and 
Cretaceous  deposits;  the  former  by  the  Clenegulta  beds  composed 
of  1,000  feet  of  conglomerates,  shales  and  "mortar  rocks";  which 
are  succeeded  by  the  Alta  beds  composed  of  2,000  feet  of  dark 
shales  and  1,500  feet  of  yellow  sand,  both  carrying  typical  Coal 
Measures  fauna;  and  the  Clbolo  beds  which  consist  of  100  feet  of 
marly  shales  and  limestone  masses,  133  feet  of  coarsely  brecclated 
limestone,  limestone  (lower  zpne  of  sponge  spicules)  S5  feet,  thin 
bedded  zone  (limestone)  470  feet,  and  capped  with  650  feet  of  yel- 
low limestone.  These  three  formations  represent  a  cycle  of  depo- 
sition or  series.  No  definite  relation  had  been  established  between 
this  section  and  the  Quadaloupe  region  of  the  Permian.  Ke  states 
that  some  of  the  fossils  from  the  yellow  limestone  seem  to  point  to 
its  Identity  with  the  Guadalouplan  rocks  and  there  Is  some  similar' 
Ity  In  the  stratigraphic  succession;  however,  the  fauna  as  a  whole 
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can  not  be  considered  as  Indicating  sucit  a  relatlonahlp.  The  fauna 
Is  referable  in  age  to  the  Mlssourlan  of  the  Mlsslsalppl  ralley.  The 
entire  section  o(  Carboniferous  rocks  Is  designated  as  the  Chlnatl 
aeries. 

The  Lover  Cretaceons  sediments  rest  on  the  Carbonlferoua 
rocks.  Here  professor  Udden's  Btudir  of  the  minute  structure  of  the 
rocks  has  enabled  him  to  divide  them  Into  formations  based  on  con- 
ditions of  sedimentation.  His  section  of  the  Cretaceons  rocks,  in 
descending  order  follows:  Buda  limestone  T  TO  feet;  Del  Rio 
clay  ?  80  feet;  Bdvards  limestone,  350  feet;  Shafter  beds.  TOO 
feet;  Presidio  beds,  400  feet. 

The  sedimentary  deposits  are  interrupted  and  tilted  hy  intru- 
sive granites,  lava  flows,  dikes  and  faults.  One  of  the  features  in- 
teresting to  geologists  is  that  the  old  caves  developed  in  the  thick 
Carboniferous  limestone,  near  the  disturbed  region,  are  filled  to 
some  extent  with  ore,  which  has  been  one  of  the  productive  sources 
of  silver.  The  faults,  fissures  and  smaller  cavities  are  mineralized 
also. 

The  report  is  Illustrated  by  plates,  sections  and  map.  The  dis- 
cussion of  the  minute  characters  of  the  rocks,  the  topography  and 
structure  occupy  a  considerable  space,  and  nnmerous  sections  and 
lists  of  fossils  are  given.  J-  W.  B. 

The  Tower  of  Pelce;  new  atadita  of  tbe  grtat  volcano  of  Mmrtiniqae. 

AnobloHeilprin.  Quarto,  pp.  62,  23  plates,  1904.    J  B.  Uppln- 

cott  Company,  Pblladelphla  and  London. 

Prof.  Heilprlo  has  been  an  earnest  and  enterprising  explorer 
of  the  unfortunate  Island  of  Martinique.  He  has  visited  it  three 
times.  His  last  visit  culminated  In  a  special  examination  of  that 
remarkable  tower  which  has  become  one  of  the  famous  features 
of  a  famous  volcano,  "Nature's  monument  to  30,000  dead  who  lay 
In  the  silent  city  below.  It  rose  up  a  huge  monolith,  830  feet  above 
the  newly  constructed  summit  of  the  volcano,  and  6,020  feet  above 
tbe  Caribbean  surface, — a  unique  and  Incomparable  type  In  our 
planet's  wonderland." 

Prof.  Heilprln  shows  that  the  earliest  known,  or  probable,  ob- 
servation on  tbe  embryo  tower  was  on  May  31,  1902,  about  three 
weeks  after  tbe  first  great  eruptiou.  It  bad  an  interrupted  exist- 
ence. With  a  continual  tendency  to  rise  It  was  destroyed  by  the 
later  explosions  and  shocks,  the  summit  being  specially  liable  to 
decapitation.  It  rose  from  20  to  30  f%et  per  day  for  a  period  of  a 
month,  constantly  changing  Its  form.  Its  greatest  hight  being  stated 
to  have  been  about  G,200  feet,  vis:  on  May  30-31,  1S03.  On  that 
day  It  lost  ISO  feet.  The  composition  of  the  tower  seems  to  have 
been  pumlceous  andesyte;  It  was  constantly  penetrated  by  steam 
which  rose  through  vertical  fissures  sometimes  even  to  the  summit. 
It  was  apparently  at  first  a  mass  of  more  or  less  consolidated 
andesyte  and  perhaps  of  volcanic  ejecta  of  earlier  ages,  probably 
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similar  In  that  respect  to  tbe  cone  upon  wtalcb  it  rested,  or  through 
which  it  was  protruded. 

The  destruction  of  the  tower  began  in  July,  1903.  It  was  ac- 
companied, and  probably  caused,  by  a  more  pronounced  activity  of 
the  volcano,  producing  the  dense  black  clouds  which  descended 
the  mountain  slopes  to  the  sea  and  are  thought  to  be  of  the  nature 
of  the  fatal  blast  that  visited  and  destroyed  Salqt-Pierre.  After  the 
tower  was  destroyed,  which  required  but  few  weeks,  a  huge  dome 
began  to  rise  In  its  place.  This  was  made  up  more  or  lees  of  lava 
and  was  accompanied  by  frequent  discharges  of  dust  and  boulders. 
It  rose  at  about  the  same  rate  as  the  tower.  It  was  sometimes 
Incandescent.  By  October  the  dome  had  reached  a  hlght  of  500 
feet.  Through  It  protruded  small  towers,  more  solid,  believed  by 
Heilprln  to  l>e  the  basal  parts  of  the  great  tower.  These,  and  the 
great  tower  itself,  he  regards  as  protrusions  of  the  old  volcanic 
neck  of  Mont  Pelte,  dislodged  from  the  place  of  its  original  con- 
solidation, and  not  the  production  of  viscous  lava  consolidated  In 
situ  as  it  slowly  rose  from  the  Interior.  The  latter  Idea,  however, 
Is  maintained  by  the  French  commission  headed  by  Prof.  Lacrolx. 
The  author  gives  abundant  evidence  to  support  bis  idea  of  the  na- 
ture and  origin  of  the  tower. 

The  author  gives  a  categorical  statement  of  the  wonderful 
phenomena  of  this  volcanic  eruption,  comparing  It  with  similar 
world-known  eruptions,  and  concludes  with  some  reflections  on  the 
nature  and  origin  of  volcanoes,  and  the  cause  of  explosltlons.  He 
discards  the  idea  of  the  entrance  of  surface  waters  to  the  heated 
Interior  of  the  earth's  crust,  whether  oceanic  or  land  water,  and 
Inclines  to  the  Idea  of  magmatlc  water  escaping  from  the  magma 
and  from  the  bydrated  rocks  of  the  Interior.  His  arguments  are 
far  from  conclusive,  but  this  Is  not  the  place  to  discuss  them. 

N.  h:  W. 
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BARLOW,  A.  E. 

A  landslide  on  the  SiBvre  river.     <Ott.  Nat.,  vol.  18.  p.  181, 
Jan.,  1906.) 
BARLOW,  A.  E. 

Report  on  the  origin,  geological  relations  and  composition  of 
the  nickel  and  copper  deposits  of  the  Sudbuir  mining  district,  On- 
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BRANSON,    E.    B. 
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Description  of  the  Kittannlng  quadrangle.    U.  S.  O.  S.,  Geol. 
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Copper  mountain,  British  Columbia.     (Eng.  Hln  Jour.,  vol.  79, 
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Jour.,  vol.  79,  p.  274.  Feb.  9.  1905.) 
GUSHING,  H.  P. 
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Geological  relations  of  the  Brandon  lignite.     (Rep.  State  OeoL, 
1903-11904,   pp.   162-166,   1904.) 
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Isomorphism  and  thermal  properties  of  the  feldspars.  (Am 
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Rock  cleavage.  Bull.  239.  U.  S.  O.  S.,  pp.  216,  27  plates,  1905. 
MARBUT,  C.  F. 

Physiography  in  the  University.     (Jour.  Geog.,  vol.  4,  pp.  23-30, 
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1903-1904.  pp.  16-21.   1904.) 
PERKINS,  QEO.   H. 

Geology  of  Grand  Isle  county.     (Rep.  SUfe  Geol..  1903-1904,  pp. 
103-144.  1904.) 
PERKINS,  GEO.  H. 

The  Brandon  lignite.     (Rep.  State  Geo!..  1903-1904,  pp.  163-161, 
1904.) 
PERKINS,    QEO.    H. 

Description  of  fossils  from  the  Brandon  llgaite.     (Rep.  State 
Geol..  1903-1904.  pp.  174-213,  1904.) 
PIRS80N,  L.  V. 

Petrography  and  Geology  of  the  igneous  rocks  of  the  Hlghwood 
mountains.  Montana.    Bui.  237.  U.  S.  G.  S.,  pp.  208.  190G. 
8EELY,  H.   M. 

Sketch  of  the  Life  and  Work  of  C.  B.  Adams.     (Rep.  State 
Geol.,  1903-1904.  pp.  3-16.  portrait.  1904.) 
8EELY,  H.   M 

Stromatocerla  of  Isle  La  Motte.     (Rep.  State  Geol.,  1003-1&04, 
pp.  144-153.  1904.) 
8HEPARD,   E.   M. 

The  New  Madrid  earthquake.     (Jour.  Geol.,  vol.  13,  pp.  46-B3, 
Jan.-Feb.,  1906.) 
SMITH,  GEO.  O.  (and  DAVID  WHITE). 

The  Geology  of  the  Perry  basin  In  southeastern  Maine.    Prot 
Pap.,  U.  S.  G.  S..  No.  35,  pp.  Ill,  6  plates,  1906. 
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SPENCER,  A.  C. 


SPRINGER,  FRANK. 


TODD,  J.   E.    (and  C.  M.   HALL). 

Description  of  the  De  Smett  Quadrangle.    Geol.  Atlas,  U    8.  O, 
S.,  Folio  No.  114.  1904. 
VAN  VLEET,  A.  H. 

Third   biennial   report,   Territory   of  Oklahoma,   pp.   49,   1904, 
Onthrte. 
WALCOTT,  C.   D. 

Cambrian  brachlopoda  with  descriptions  of  new  genera  and 
Bpecles.     (Proc.  U.S.  Nat.  Mus.,  vol.  28,  pp.  227-337,  1905.) 
WALCOTT,  C.  D. 

Twenty-flfth  annual  report  of  the  director  of  the  United  States 
Geological  Survey,  to  the  Secretary  of  Interior,  1903-4,  pp.  388,  2& 
plates,  Washington,  1904.) 
WEED,   W.    H. 

The  copper  depoelta  of  Cape  Colony,  Sonth  Africa.     (Eing.  Mtn. 
Jour.,  vol.  79.  p.  272.  Feb.  9,  1905.) 
WELLER,  STUART. 

The  classlQcatlon  of  the  Upper  Cretaceous  formationa  and 
faunas  of  New  Jersey.  (Jour.  Qeol.,  vol.  13.  pp.  71-84,  Jao.-Feb.. 
1906.) 

WHITE,  DAVID  (See  SMITH,  GEO  E.) 
WINCHELL,  N.  H. 

Notes  on  The  Geology  of  the  Hellgate  and  Big  Blackfoot  val- 
leys, Montana.     (Bull.  O.  S.  A.,  vol.  IE,  p.  5TS.  1903.) 
WOODRRIDQE,  DWIOHT  E. 

The  Mesabl  Iron  ore  range.    I,  II.  ni,  IV,  V.     (Bng.  Mln.  Jour., 
vol.  79,  Jan.-Feb.,  1905.) 
WOODRUFF,  E.   G. 

Present  status  of  the  mining  Industry  in  the  Wichita  moun- 
tains of  Oklahoma.     (3rd  Blen.  Rep..  Oeol.  and  Nat.  Hist.,  Okla., 
pp.  23.) 
WOODWORTH,  J.   B. 

The  Brandon  clays.     (Rep.  SUte  Geol.,  1903-1904,  pp.  166-174, 
1904.) 
WRIGHT,  a  F. 

The  physical  conditions  In  North  America  during  man's  early 
occupancy.     (Rec.  Past,  vol.  4.  pp.  lG-26,  Jan.,  1906.) 
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PERSONAL  AND  SCIENTinC  NEWS. 

Geoosai'hic  tJociETv  iiF  Chicaqo.  Pfofessor  F.  R. 
Moulton  of  the  University  of  Chicago  gave  an  illustrated 
lecture  before  this  society  on  January  13th.  His  subject 
was  "What  geography  owes  to  astronomy.  On  February 
loth  Professor  R.  D.  Salisbury  addressed  the  Society;  his 
subject  was  "Western  mountain  scenery." 

AIb.  C  W.  Fckinoton  of  Denver,  accompanied  by  Mr. 
Sidney  Paige,  spent  last  summer  in  Alaska  in  an  investiga- 
tion, for  the  U.  S.  Geological  Survey,  of  the  methods  and 
costs  of  placer  mining.  The  report  on  this  subject  has  been 
nearly  finished.  One  chapter  of  this  report,  dealing  with 
roads  and  road  building  in  Alaska,  will  soon  be  printed  as 
a  Senate  document.  Mr.  Purington  advocates  the  building 
of  certain  main  government  roads  in  Alaska,  and  he  esti- 
mates that  such  roads  can  be  built  for  from  $1,200  to  $3,000 
per  mile,  with  a  yearly  cost  for  maintenance  of  $350  per 
mile.  These  figures  are  based  on  the  cost  of  roads  that 
have  been  built  by  the  Canadian  government. 

Gkoliioical  Society  ok  Washington  At  the  meeting 
of  January  jith  the  following  program  was  presented: 
"Undulations  of  certain  layers  of  the  Ijsckport  limestone," 
G.  K.  Gilbert;  "The  great  fault  of  the  Bitterroot  moun- 
tains," Waldemar  Lindgren;  "Artesian  water  in  crystalline 
rocks,"  G.  O.  Smith  ;  "Some  erratic  boulders  in  middle  Car- 
boniferous shale  in  Indian  Territory,"  J.  A.  Taff.  At  the 
meeting  of  January  25th  the  following  program  was  pre- 
sented: "Red  beds  of  southwestern  Colorado,"  Whitman 
Cross  and  Ernest  Howe ;  "Cause  and  periods  of  earthquakes 
in  the  New  Madrid  area,  Mo.  and  Ark.,"  M.  L,  Fuller; 
"Some  crystalline  rocks  of  the  San  Gabriel  range,  Califor- 
nia," Ralph  Arnold  and  A.  M.  Strong;  "The  question  of  the 
origin  of  the  natural  mounds  of  Louisiana,"  A.  C.  Veatch. 
At  the  meeting  of  February  8th  the  following  program  was 
presented:  "Xotes  on  the  fossils  of  the  Bahamas,"  Wm, 
H.  Dall:  "Pre-cambrian  rocks  of  the  Franklin  Furnace 
quadrangle,"  A.  C.  Spencer:  "Consanguinity  of  the  erup- 
tive rocks  of  Cripple  Creek,"  L.  C.  Graton:  'The  big  sink 
on  the  Lucin  route  across  Great  Salt  Lake,"  J.  M.  Bout- 
well. 

CmrAdo  Academy  of  iSriENCES.  Professor  T.  C,  Cham- 
berlin  has  been  re-elected  president  for  the  year  1905. 
Among  the  lectures  for  the  winter  course  of  this  year  are 
the  following:  "The  Yellowstone  National  Park,"  Charles 
Truax;  "The  devil  fishes  and  their  relatives,"  F.  C.  Baker; 
"The  evolution  of  dogs  and  cats,"  S.  W.  Williston. 
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Dr.  a,  S.  Packabi),  celebrated  morphologist  and  geolo- 
gist of  Brown  University,  died  February  14th  at  66  years 
ai  age. 

Umited  Stateb  Geological  Slkvey. 
Among  the  recent  publications  of  the  Survey  are  the 
following : 

"Mineral  resources  for  1903." 

"Comparison  of  a  wet  and  crucible-fire  methods  for  the 
assay  of  gold  telluridc  ores,  with  notes  on  the  errors  occur- 
ring in  the  operations  of  fire  assay  and  parting,"  by  W.  F. 
Hillebrand  and  E.  T.  Allen.     Bulletin  No.  253. 

"The  southern  Appalachian  forests,"  by  H.  B.  Ayres 
and  W.  W.  Ashe.     Professional  Paper  No.  37. 

"Primary  triangulation  and  primary  traverse,  1903-4," 
by  S.  S.  Gannett.     Bulletin  No.  245. 

"The  Huron  (S.  D.)  Folio,"  No.  113,  by  J.  E.  Todd. 
"A  gazetteer  of  Indian  Territory,"  by  Henry  Gannett. 
Bulletin  No.  248. 

"Zinc  and  lead  deposits  of  northwestern  Illinois,"  by 
H.  Foster  Bain.     Bulletin  No.  246. 

"Geology  of  the  Perry  Basin.  Maine,"  by  G.  O.  Smith 
and  David  White,  Professional  Paper  No.  35. 

"Rock  cleavage."  by  C.  K.  Leith,  Bull.  No.  239. 
"The  water  resources  of  the  Philadelphia  district."  by 
Florence  Bascom.     Water  Supply  and  Irrigation  Paper  No. 
106. 

"The  geology  of  the  Hudson  valley  between  the  Hoosic 
and  the  Kinderhook,"  by  T.  Nelson  Dale.  Bull.  No.  242. 
Bulletin  No.  254  is  devoted  to  the  Cripple  Creek  dis- 
trict and  contains  a  snnimary  of  facts  bearing  upon  the 
economic  development  of  this  famous  gold  district.  This 
report  is  by  Waldemar  Lindgren  and  F.  L.  Ransome  and 
is  issued  in  advance  of  the  final  report  on  the  district,  which 
final  report  will  contain  detailed  descriptions  made  possible 
"by  the  resurvey  of  this  area  completed  last  year. 

"Economic  geology  of  the  Tola  (Kansas)  quadrangle," 
bv  G.  I.  Adams,  Erasmus  Haworth  and  W.  R.  Crane.  Bull. 
No.  238. 

Globe  (Arizonal  folio,  by  F.  L.  Ransome. 
Bisbee  (Arizona)  folio,  by  F.  L.  Ransome. 
.\mong  the  topographic  maps  recently  issued  are:     Ann 
Arbor,  Mich.:  .Assiniboine,  Havre,  Yantic,  Chinook,  Mont.; 
Cripple  Creek  special  map,  Colo. 

Gbolooical  Sotiety  of  Washington.  At  the  meeting 
on  December  14th  Mr.  G,  K.  Gilbert  presented  a  paper  on 
"Crescentic  gouges  on  glaciated  surfaces." 
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The  Largest  Diamond  Evicr  Found  is  reported  to  have 
been  discovered  in  the  Premier  mine,  South  Africa,  its 
weight  being  about  a  pound  and  a  half  avoirdupois.  It  is 
called  the  New  Gem,  and  its  value  is  estimated  at  one  mil- 
lion dollars,  depending  on  its  quality  and  shape.  Its  diam- 
eter, uncut,  is  four  inches.  The  diamond  called  "Brazil" 
belonging  to  the  court  of  Portugal,  is  valued  at  two  million 
dollars,  and  is  three  inches  in  diameter  after  cutting,  dis- 
covered in  1680. 

Uni"rincipled  AssAVKKs.  "A  word  should  be  added  con- 
cerning the  damage  which  unscrupulous  assayers  have  in- 
flicted upon  the  region.  With  premeditated  purpose  they 
have,  in  many  cases,  issued  false  certificates,  thus  buoying 
up  nope  where  it  already  existed,  and  creating  undue  excite- 
ment. In  many  cases  the  unsuspecting  miner  has  been  led 
to  continue  his  search  for  the  metals  in  the  most  impossible 
places.  No  one  thing  has  contributed  more  harm  to  this 
industry  than  have  these  unprincipled  assayers."  E  li. 
WooKKUFF,  3rd  Biennial  Report,   Oklahoma. 

New  York  Academy  of  Sciences,  Section  of  GEOi-Ooy 
AND  MiN£BALooY.  At  a  late  meeting  the  following  entitled 
papers  were  read : 

"The  Serpentines  and  Associated  Asbestos  of  Belvedere 
Mountain,  Vermont,"  V.  F.  Marsters. 

"Interpretation  of  Certain  Interglacial  Laminated  Clays 
and  Their  Bearing  upon  Measurement  of  Geologic  Time," 
Charles  P.  Berkey, 

"Evolution  of  Some  Devonic  Spirifers,"  A.  W.  Grabau. 
■  At  the  meeting  of  January  Qth,  Dr.  George  F.  Kunz 
read  a  paper  on  the  "Jagersfontein  or  Excelsior-Tiffany 
Diamond,"  the  largest  diamond  ever  found  up  to  the  present 
time.  It  weighed  970  carats,  and  was  a  gem  of  most  mar- 
velous purity.  This  diamond  was  most  expertly  cleaved 
into  pieces,  and  from  it  were  cut  ten  gems  weighing  from 
13  to  68  carats  each;  a  total  of  340  carats:  and  these  were 
imported  into  the  United  States.  Mr.  Kunz  also  stated 
that  carbon  silicide  had  been  detected  in  the  meteorite  from 
the  Canon  Diablo  by  Dr.  Henri  Moissan.  of  Paris,  together 
with  transparent  diamond  and  black  diamond.  As  carbon 
silicide  has  been  made  artificially  with  the  electric  furnace 
by  Messrs.  Cowles,  Acheson  and  Moissan  heretofore,  and 
was  first  determined  in  nature  by  professor  Moissan,  if 
agreeable  to  Professor  Moissan,  he  would  suggest  the  name 
moissanite  for  this  compound. 

Professor  J.  J.  Stevenson  read  a  paper  entitled,  "Recent- 
Advances  in  our  Knowledge  of  the  Composition  of  Coals." 
He  said  that  the  coals  of  Spitzbergen,  according  to  Na- 
thorst,  are  in  great  part  of  Jurassic  age.     The  mining  ope- 
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rations  are  confined  to  Advent  bay,  a  branch  of  the  ice  fiord 
of  west  Spitzbergeu,  where  coal  has  been  opened  on  both 
sides  of  the  bay.  The  deposit  has  been  followed  north- 
wardly for  about  ten  miles,  and  for  an  equal  distance  west- 
wardly. 

The  chief  enterprise  is  on  the  easterly  side  of  the  bay. 
where  the  bed  is  somewhat  less  than  five  feet  thick.  The 
coal  from  the  upper  part  is  splint-Hke,  while  that  from  the 
lower  part  is  brilliant  and  somewhat  prismatic.  The  divis- 
ions show  a  notable  difference  in  the  percentage  of  volatile, 
the  upper  containing  about  ten  per  cent  more  than  the 
lower.  The  coal  shows  no  tendency  to  coke,  and  that  from 
the  lower  portion  is  attacked  energetically  by  caustic 
potash. 

The  coal  was  compared  with  that  from  other  localities 
in  which  the  benches  show  notable  difference  in  volatile. 
The  results  of  tests  with  caustic  potash  made  upon  a  num- 
ber of  coals  appeared  to  show  that  non-coking  coals  are 
attacked  promptly,  while  coals  yielding  a  firm  coke  are  not 
affected  even  after  prolonged  boiling. 

Professor  J.  F,  Kemp  spoke  upon  "New  Sources  of  the 
Supply  of  Iron  Ores."  Emphasis  was  first  placed  upon  the 
enormous  demands  made  by  the  iron  industry  of  to-day 
upon  the  mines  of  the  United  States,  Great  Britain  and  Ger- 
many. The  conviction  is  held  by  many  that  within  fifty 
years  the  local  American  sources  of  rich  ores  of  whose 
existence  we  now  know  will  be  exhausted  and  the  iron 
masters  compelled  to  seek  new  deposits.  The  following 
possible  new  districts  were  passed  in  review:  the  Labrador 
prospects  discovered  by  Mr,  A.  P.  Low,  of  the  Canadian 
Geological  Survey,  which  might  also  ship  to  Europe; 
Adirondack  areas  ot  reported  magnetic  attraction  and  pos- 
sible lean  ores,  the  Temagami  district  and  the  Michipicoten 
range,  Ontario;  the  southern  continuation  of  the  Marquette 
range  beneath  the  drift ;  the  southern  half  of  the  Mesabi 
probable  syncline  beneath  the  swamps  northwest  of  Du- 
luth,  as  suggested  by  C.  P.  Berkey;  the  Baraboo  range;  the 
deposits  in  Iron  county,  Utah,  and  in  the  Wasatch  moun- 
tains; the  magnetites  of  southern  California  and  the  pros- 
pects in  Washington  and  along  the  coast.  Tlie  speaker  em- 
phasized the  important  reserves  in  the  titaniferous  magne- 
tites and  their  great  quantity. 

The  necessary  connection  between  the  coal  fields  and 
any  great  development  of  the  iron  and  steel  industry  was 
emphasized  and  the  future  of  the  three  great  producers  of 
to-day  forecast  as  involved  in  the  permanency  of  the  coals. 
The  reserves  of  coal  are  greater  in  Germany  and  America 
thjm  in  Great  Britain.     The    province    of    Shan-si,  China, 
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having  rich  stores  of  both  coal  and  iron,  seems  to  be  the 
one  possible  new  location  of  the  future  great  iron  industry. 

Prof,  Marsters  said:  Belvidere  Mountain  lies  approx- 
imately along  the  line  between  the  counties  of  Orleans, 
Lamoille  and  Franklin.  It  is  a  sharp  crested  ridge  with  a 
maximum  elevation  of  some  2,100  feet  above  Eden  Corners 
at  its  southern  termination.  Three  topographic  elements 
are  prominent,  a  sharp  crested  ridge  forming  the  upper  900 
feet  of  the  mountain,  a  crescentic  plateau  with  a  Hat  top 
1,200  feet  above  the  valley  floor  and  rimming  the  end  of  the 
mountain  and  lastly  a  steep  slope  composing  the  foot  of  the 
plateau  and  extending  to  the  valley  bottom. 

The  upper  part  with  steep  slopes  is  composed  of  am- 
phibolite.  In  addition  to  the  hornblende  which  make  up 
seventy-five  per  cent  of  the  rock,  there  is  also  present  an 
inconsiderable  amount  of  epidote  and  a  non-pleochroic  col- 
orless mineral  regarded  as  zoisite,  together  With  magnetite 
and  pyrite.  Towards  the  base,  garnet  becomes  a  promi- 
nent constituent,  sufficient  to  make  a  well-defined  garnet 
zone.  In  nearly  all  cases  observed,  the  garnet  is  largely 
altered  to  penninite,  a  variety  of  chlorite.  Along  the  gar- 
net zone  the  hornblende  has  also  undergone  marked  altera- 
tion in  part  to  serpentine.  The  nose-like  projection  form- 
ing the  plateau  i%  composed  of  serpentine.  In  this  rock 
occur  the  so-called  asbestus  deposits  recently  prospected 
and  worked  for  this  product.  In  thin  section  the  serpen- 
tine appears  to  be  made  up  largely  of  a  felty  and  fibrous 
mass,  apparent  only  under  cross  nicols.  It  is  typical  fib- 
rous scerpentine^  In  thin  sections  from  the  upper  part  of 
the  plateau  and  in  close  proximity  to  the  overlying  amphi- 
bolite,  there  appear  shredded  masses  presenting  the  original 
structure  of  hornblende  as  seen  in  the  amphibolite,  but 
mineralogically  altered  to  a  fibrous  mass  with  the  optical 
characteristics  of  anthophyllite.  It  is  not  improbable, 
moreover,  that  a  portion  of  the  hornblende  has  altered  to 
tremolite.  These  fibrous  constituents  form  the  so-called 
"slip-fiber," 

The  serpentine  belt  has  also  been  subjected  to  peculiar 
faulting  and  crushing.  The  cracks  thus  produced  even  on 
a  microscopic  scale,  have  been  filled  with  these  fibrous  con- 
stituents, and  then  the  whole  mass  submitted  to  further 
slipping.  This  has  caused  the  slickensiding  phenomena 
on  the  fracture  planes  and  a  consequent  stretching  of  the 
fibrous  content:  hence  the  term  "slip-fiber."  "Cross-fiber" 
or  true  chrysotile  is  to  be  found  in  this  area.  It  is  best 
developed  along  lines  of  maximum  fracture  and  minimum 
lateral  thrust.  There  appears  to  be  two  bands  of  maxi- 
mum fracture,  one  extending  along  the  upper  portion  of 
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the  plateau  and  not  far  from  the  garnet  zone  the  second 
along  the  foot  of  the  plateau  and  best  shown  on  the  prop- 
erty of  Judge  Tucker. 

The  paper  of  Dr.  C.  P.  Ilerkey  is  printed  in  the  Journal 
of  (jeology,  Jan.-I'eb.,  1905,  vol.  13, 

,  The  last  paper  of  the  evening  was  by  professor  A,  W. 
^  /  Xragan,  on  the  ''Evolution  of  Some  Devonic  Spirifers," 
'  ■  /Spfrifcr  mticronatus  (Conrad)  is  a  Liiinaean  species  com- 
prising a  large  number  of  mutations.  A  remarkable  fact  is 
that  all  mutations  pass  through  a  mucronate  stage  such  as 
is  characteristic  ,of  the  adult  mutation  after  which  the 
species  is  named.  (The  term  mutation  is  here  used  in  the 
sense  in  which  it  was  originally  proposed  by  Waagen,  and 
not  in  that  in  which  it  was  sid)se<|uently  used  by  De  Vries; 
i.  e.,  for  the  result  and  not  for  the  process.)  A  still  earlier 
stage  in*devetopment  (nepionic)  shows  the  non-mncronate 
features  of  the  ancestral  species  similar  to  S.  duodenarius 
■of  the  Onondaga.  The  mucronate  feature  is  carried  to 
excess  in  3  number  of  mutations  of  the  flower  Hamilton 
group.  It  is  especially  persistent  in  the  Michigan  region. 
This  type  jf  otitline  is  accompanied  by  a  rib  in  the  median 
sinus  and  a  depression  in  the  fold.  In  Ontario  the  primi- 
tive mucronate  type  gives  rise  upward -to  a  number  of  mu- 
tations which  are  especially  characterized  by  progressive 
increase  in  hight  without  corresponding  lengthening  of  the 
hinge.  The  median  plication  and  depression  quickly  dis- 
appear. 

Acceleration  and  retardation   in  development  are  the  , 
chief  principles  which  explain  the  development  of  the  great 
number  of  mutations.     For  the  principle  of  retardation  the 
term   bradygenesis       was     proposed,  corresponding  to  the 
term    tachygenrsii     proposed  by  Hyatt  for  acceleration. 

In  the  New  York  province  the  primitive  mucronate 
type  gives  rise  to  high  and  short-hinged  mutations,  but 
these  retain  the  median  rib  and  depression.  In  form  these 
are  tachygenetic ;  in  respect  to  the  surface  features,  brady- 
genetic.  In  the  arenaceous  beds  of  the  later  Hamilton 
in  eastern  New  York,  a  mutation  with  many  ribs  aiid  moder- 
ate mucronations  exists.  This  is  in  many  respects  a  brady- 
gentic  type.  Side  by  side  with  extremely  accelerated  or 
tachygenetic  types  in  all  horizons  (i.  e.,  very  short-hinged, 
non-mucronate,  high  and  thick  mutations)  occur  slightly 
retarded  or  bradygenetic  types  which  retain  in  the  adult 
the  mucronate  character  which  is  typical  of  the  young  of 
all  the  mutations. 

The  Field  Columbian  Museum  will  have  the  following 
course  of  lectures:  March  4,  "The  Explanation  of  Indian 
Ceremonies,"  Dr.  G.  A.  Dorsey;  March  11,  "Giant  Reptiles 
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of  North  America,  Mr.  E.  S.  Riggs;  March  18,  "Extinct 
Mammals  of  North  America,"  Mk.  E.  S.  Riggs;  March  25, 
■"Aims  and  Methods  of  Bird  Study,"  Dr.  N,  Dearborn; 
April  I,  "Hawaiian  Cruise  of  the  Albatross,"  Prof.  C,  C. 
Nutting;  April  8,  "The  Fertilization  of  Flowers  by  In- 
sects," Dr.  F.  H.  Snow;  April  15,  "Geographic  Factors  In- 
volved in  the  Rise  of  Chicago,"  Dr.  J.  Paul  Goode;  April 
22,  "How  Rivers  and  Lake.s  Became  Stocked  with  Fishes," 
Dr.  S.  E.  Meek ;  April  29,  "The  Basketry  of  California," 
Dr.  J.  \V.  Hudson. 

itECENT    StUIiV    IN    SoiITIIEARTEBM     MiCHIOAN     BT     F.    B. 

Tavlor  shows  that  when  lake  Maumee  was  lowered  the 
waters  fell  to  the  level  of  the  upper  beach  of  lake  Arkona, 
and  that  at  the  close  of  this  lake's  existence  the  ice  front  re- 
advanced,  pushing  the  point  of  discharge  up  the  crest  of 
the  "thumb,"  thereby  closing  the  Arkona  outlet  and  raising 
the  waters  to  the  level  of  the  Belmore  beach  of  lake  Whit- 
tlesey. 

Thr  GoLDFiELDS  DiHTRicT.  Nkvada,  IB  anewmining  cADip 
of  much  promise,  lying  about  23  miles  south  of  Tonopah, 
Mr.  J.  E.  Spurr  visited  this  district  in  November  for  the  U. 
S.  Geological  Survey.  The  rocks  are  almost  entirely  vol- 
canic and  are  probably  of  Tertiary  age.  The  ores  occur  in 
rhyolyte-s  and  andesytes,  though  no  definite  vein  systems 
were  observed.  The  outcrops  of  the  quartz  bodies  are  irreg- 
ular, straggling,  branching,  and  apt  to  disappear  suddenly. 
They  are  sometimes  nearly  circular  or  crescentic,  and  fre- 
quently are  roughly  lenticular  and  intermittent.  Owing  to 
the  silicification  of  the  volcanic  rock  in  which  it  occurs,  the 
quartz  itself  is  gray  and  jaspery.  It  is  probable  that  this 
silicifioation  is  the  work  of  hot  springs  and  that  these  irreg- 
ular reefs  represent  the  horizontal  sections  of  columns  of 
rooks  traversed  by  rising  columns  of  hot  water.  Had  the 
rocks  been  strongly  fractured  we  should  have  had  veins  like 
those  of  the  early  andesyte  al  Tonopah,  but  the  lack  of  such 
a  fracture  system  at  Goldfields  resulted  in  this  curious  and 
rather  unusual  type  of  deposit.  It  follows  that  the  quartz 
reefs  will  probably  extend  deeper  vertically  than  horizontal- 
ly, and  so  have  roughly  the  nature  of  columns  or  pipes.  The 
ores  arc  often  of  very  higli  grade.  As  an  extreme  example 
p'av  be  noted  a  shipment  of  i4y>  tons  from  the  Sandstorm, 
which  vielded  $45,781  net  when  worked  in  a  stamp  mill, 
.while  the  tailings  still  contained  about  $!,ooo  to  the  ton. 
I-rom  the  McKane-Bowes  lease  on  the  Jumbo  $6oD,ooo  was 
tak<n  out  in  five  months  from  a  space  that  measured  100 
feet  horizontally  and  200  feet  vertically  on  the  shoot.  The 
whole  production  of  the  cantp  has  come  from  ores  that 
range  in  value  from  $200  to  $300  a  ton.  The  values  are  all 
in  gold,  as  silver  is  practically  absent. 
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BIOGRAPHICAL   SKETCH   OF    HENRY  McCALLEY.* 


Henry  McCalley,  who  died  of  pneumonia  in-Hunts- 
ville,  Alabama,  on  November  21,  1904,  was  born  in  that 
city,  February  11,  1852.  He  was  the  son  of  Thomas  San- 
ford  McCalley  of  Spottsylvania  county,  Va.,  and  Caroline, 
daughter  of  Robert  Landford  who  built  the  second  house 
in  Huntsville, 

Mr.  McCalley  was  one  of  a  family  of  nine  children  who 
reached  adult  age.  He  lived  at  his  home  two  miles  west 
of  the  court  house  in  Huntsville  from  his  birth  to  man- 
hood. His  school  career  was  .begun  under  the  care  of 
Mrs.  McKay,  then  considered  the  most  excellent  teacher 
for  young  children.  From  Mrs.  McKay  he  went  to  Dr. 
J.  M.  Bannister,  rector  of  the  Church  of  the  Nativity,  and 
afterwards  to  the  noted  Mr,  Charles  Shepard  who  is  still 
living  and  engaged  in  teaching.  At  the  well  known  school 
of  Dr.  Carlos  G.  Smith  he  was  prepared  for  college  soon 
after  the  end  of  the  civil  war.  As  the  University  of  Ala- 
bama was  at  that  time  in  the  hands  of  the  "carpet-baggers" 
and  without  students,  he  went  to  the '  University  of  Vir- 
ginia, from  which  institution  he  was  graduated  in  1876 
Twith  the  degrees  of  C.  E.  and  M.  E.  At  the  University 
he  applied  himself  very  closely  to  his  studies  gaining  the 
highest  esteem  of  both  professors  and  students  but  sacri- 
ficing his  health.  On  his  return  home  after  graduation  he 
spent  one  year  on  the  farm  with  a  view  to  restoring  his 
health. 
■  Read  at  the  Philadelphia  meetlDK  of  the  Osologlcal  Society  of  America, 
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With  the  strong  recommendation  of  the  faculty  of 
the  University  of  Virginia  he  took  charge  of  a  school  at 
DemopoUs,  Ala,,  where  he  remained  one  year  and  part 
of  another.  In  the  summer  vacation  of  1877  he  came  to 
the  geological  survey  of  Alabama  as  a  volunteer  assistant 
and  traveled  with  the  writer  through  a  part  of  the  War- 
rior coal  field  and  the  valley  of  the  Tennessee,  The  fol- 
lowing year,  1878,  Mr.  McCalley  gave  up  his  school  and 
came  to  the  University  of  Alabama  as  assistant  in  the  de- 
partment of  chemistry,  then  in  charge  of  the  writer  of  these 
lines.  This  position  he  held  until  1883,  at  the  same  time 
also  serving  as  volunteer  assistant  on  the  Geological  Sur- 
vey, for  during  the  first  ten  years  of  the  existence  of  this 
second  survey,  the  annual  appropriation  was  only  $500, 
none  of  which  went  for  salaries. 

During  the  summer  months  of  1879  we  had  charge  of 
a  survey  of  the  Warrior  river  for  the  engineer  office  of  the 
war  department  under  Maj.  Damrell,  the  object  of  which 
survey  was  primarily  to  ascertain  the  nature  and  extent 
of  the  obstructions  to  navigation,  and  to  obtain  estimates 
of  the  cost  of  removing  or  overcoming  the  same,  and 
secondly  to  collect  statistics  of  the  natural  resources  of 
the  country  lying  adjacent  to  the  river. 

The  levelings  and  soundings  along  the  river  were 
made  under  the  direction  of  Mr.  McCalley,  while  the  geo- 
logical data  were  collected  by  Mr.  Joseph  Squire  and  my- 
self. Our  joint  report  was  published  in  a  report  of  pro- 
gress for  1879-80.  Later  in  the  year  Mr.  McCalley  spent 
some  time  in  the  Tennessee  valley  and  the  results  of  his 
labors  were  given  in  the  same  report  of  progress. 

In  1883  the  Legislature  made  an  approprFation  for  the 
Geological  Survey  which  made  it  possible  to  employ 
salaried  assistants,  and  Mr.  McCalley  then  received  the 
appointment  as  assistant  state  geologist,  which  position  he 
held  until  his  death,  a  period  of  twenty-one  years. 

His  first  work  in  this  capacity  was  in  the  Warrior 
basin  on  which  his  first  report  was  published  in  1886. 
This  was  the  first  comprehensive  statement  of  the  charac- 
ters and  succession  of  the  coal  seams  of  this  great  field 
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ami  it  gave  great  help  to  those  who  were  engaged  in  the 
development  of  the  state. 

Xext  he  took  up  the  study  of  the  plateau  portion  of 
the  Warrior  field  in  northeastern  Alabama,  and  his  report 
on  the  coal  measures  of  this  section  was  published  in  r88r. 

His  next  work  was  in  the  Paleozoic  formations  of  the 
Tennessee,  Coosa,  and  other  great  valleys  in  which  occur 
the  limestones,  iron  ores,  and  bauxites  of  the  state  and  the 
results  of  several  years  work  in  this  section  were  pub- 
lished in  1896  and  1897  under  the  title  "The  Valley  Re- 
gions of  Alabama,"  part  I  being  devoted  to  the  valley  of 
the  Tennessee  and  part  II  to  the  Coosa  and  other  anti- 
clinal valleys,  Cahaba,  Wills',  Jones',  and  Blount  Spriugs 
Valleys. 

The  great  activity  in  coal  mining  during  the  ten 
years  following  the  publication  of  the  report  of  1886  on 
the  Warrior  basin,  rendered  necessary  a  reexamination, 
and  more  thorough  study  of  the  field,  and  Mr.  McCalley 
spent  much  time  in  going  again  over  the  ground  with  Mr. 
George  X,  Brewer  as  an  assistant,  and  in  1890  appeared 
his  report  on  the  Warrior  basin,  with  a  large  map. 

Since  1900  his  work  has  been  in  the  region  of  the 
igneous  and  metamorphic  rocks  upon  which  he  was  en- 
gaged at  the  time  of  his  death.  Unfortunately  his  notes 
on  this  region  were  not  written  up  though  quite  full  and 
comprehensive.  This  will  make  it  impossible  to  get  the 
full  benefit  of  his  work. 

In  personal  character  Mr.  McCalley  was  modest  and 
somewhat  retiring  but  no  one  could  be  more  firm  and  de- 
cided than  he  in  the  defense  of  a  friend  and  in  the  defense 
of  his  own  opinions  on  geological  matters  after  he  had 
formed  them  from  his  own  extended  observations.  In 
his  scientific  work  he  was  careful  and  painstaking  to  an 
extraordinary  degree,  and  his  conclusions  were  rarely 
hastily  formed,  and  they  were  in  consequence  generally 
correct.  He  was  one  of  the  most  truthful  of  men  and  he 
could  be  relied  upon  to  do  to  the  best  of  his  ability  whatever 
work  was  assigned  to  him.  When  called  upon  to  give  his 
views  he  did  it  with  the  utmost  frankness,  swerving  neither 
to  the  right  nor  the  left  from  the  straight  path  of  truth. 
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In  his  connection  with  the  survey  he  was  several  times 
called  upon  to  expose  frauds ;  and  after  he  had  become 
convinced  on  thorough  examination  of  the  facts,  he  left 
those  concerned  in  no  doubt  as  to  his  conclusions  and  con- 
victions. 

He  was  a  consistent  and  active  member  of  the  Episco- 
pal church  and  very  generous  in  his  support  of  it,  respond- 
ing cheerfully  to  all   the  calls   made  upon  his   time  and 

It  is  said  of  him  that  as  a  child  and  a  young  boy  he 
had  never  received  a  correction  from  either  parent  or 
teacher  and  he  never  neglected  a  task  set  before  him;  these 
characteristics  followed  him  through  life. 

Mr.  MIcCalley  was  a  member  of  the  American  Asso-  " 
elation  for  the  Advancement    of    Science ;    fellow  of  the 
Geological  Society  of  America ;  member  of  the  American 
Institute  of  Mining  Engineers ;  secretary  of  the  Alabama 
Industrial  and  Scientific  Society,  etc. 

The  following  Bibliography  takes  account  of  all  his 
papers  and  reports  and  it  is  believed  the  greater  part  of  his 
minor  pieces: 

BIBUOGRAPHY. 

18TS.  Letters  to  the  Huntsville  Democrat,  descriptive  of  the 
physlcHl.  geological  and  economic  features  of  Northern  Alahania. 

1879.  Chemical  report  to  the  State  Qeologist  of  Alahama.  Re- 
port of  the  State  Qeologist  of  Alabama  for  1877-78. 

1880.  Stud;  of  Chemistry.  Article  in  the  Alabama  Unirer- 
Bity  Monthly. 

ISSl.  Geological  report  of  that  part  of  Alabama, that  lies 
north  of  the  Tennessee  River.  State  Oeologist's  report  for  1ST9- 
1880. 

1S81.  Review  In  the  Tuscaloosa  Oasette  of  the  Geological 
Report  of  1S79-1880. 

1883.  l..ettera  to  the  Tuscaloosa  Gazette,  descriptive  of  the 
physical  and  geologic  features  and  economic  wealth  of  the  War. 
rior  Coal  Field. 

1883.  Review  in  the  Birmingham  Dally  Age  of  the  Report  of 
the  State  Geologist  for  1SS1-1S8Z. 

1883.  Report  in  the  Mountain  Eagle,  Jasper,  Alabama,  on  the 
economic  wealth  of  Walker  County. 

18SG.  North  Alahama  or  the  Mountain,  Manufacturing  and 
Mineral  region  of  Alahama.  Chapter  11.  in  the  Mineral  Wealth  of 
Alabama,  and  Birmingham  Illustrated,  published  In  188S. 


Digitized  oy  Google 


Biograpbica!  Sketch  of  Henry  McCalley — Smith.  201 

ISS6.  The  Coal  Fields  ot  Alabama,  and  their  economic  wealth. 
Article  in  "Dixie,"  AtUnta,  Oa. 

1886.  Report  of  the  Warrior  Coal  Field  of  Alabama,  C3eo- 
loglcaL  Survey  of  Alabama  report. 

1886.  Review  In  the  Montgomery  Advertiser  of  the  Report 
of  the  Geological  Survey  of  Alabama  for  1882-83,  1883-84. 
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By  Wabbbh  Ufbah,  Bt.  Fftal.  Hloa. 

Astronomy  and  geology,  chemistry  and  physics,  with 
their  very  useful  arm  or  ally,  spectroscopy,  seek  together 
to  discover  the  origin  and  development  of  the  earth  and 
the  moon,  of  the  sun  and  his  retinue  of  planets,  and  of  the 
starry  universe: 

"In  the  beglnntns  bow  the  heavens  and  earth 
Rose  out  of  chaos." 

While  we  are  assured  that  they  "declare  the  glory  of 
God,"  and  that  "all  things  were  made  by  Him,"  it  has  also 
been  learned  not  less  surely  that  He  has  worked  by  His 
established  physical  and  chemical  laws  in  the  creation  of 
suns  and  worlds.  We  may  partially  discern  the  laws,  or 
methods  of  working,  through  which  the  Creator  has  made 
and  upholds  the  myriads  of  stars  and  our  relatively  small 
but  yet  vast  solar  system;  but  beyon3  all  that  we  know, 
as,  for  example,  of  the  laws  of  gravitation,  everywhere  lies 
mystery  which  baffles  our  compreheneion.  How  all  mat- 
ter is  influenced  by  all  other  matter  and  drawn  toward  it, 
how  the  earth  began  and  came  to  its  present  condition, 
•how  the  crystal  or  the  plant  or  the  animal  grows,  "great 
things  and  unsearchable,  marvelous  things  without  num- 
ber," proclaim  an  omnipresent  and  omnipotent  Creator  and 
Ruler. 

To  learn  continually  more-  and  more  of  His  thoughts, 
as  revealed  in  His  works,  is  the  highest  reward  of  the 
student  of  nature;  and  increased  powers  of  vision,  whether 
with  the  telescope  or  the  microscope,  open  ever  widening 
fields  of  knowledge  and  new  problems  to  be  solved.  In 
every  direction  the  search  for  truth  reaches  no  limit;  and 
in  the  themes  of  this  paper,  although  much  has  been  ascer- 
tained,, infinitely  more  remains  for  inquiry. 

The  nebular  hypothesis  or  theory  may  well  be  called 
the  grandest  generaHzation  in  all  the  range  of  the  natural 
sciences.  As  most  elaborately  stated  by  the  eminent  as- 
tronomer and  mathematician,  Laplace,  in  his  Mechanique 
Celeste  (published  in  five  volumes,  1799-1825),  this  theory 
•  Presented    before    the    Victoria   Institute.  London,  March  2D.  19(fi. 
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traces  the  beginning  and  development  of  the  solar  system 
froiil  an  original  gaseous  nebula,  an  exceedingly  tenuous 
and  intensely  heated  cloud  of  matter,  extending  in  a 
spheroidal  form  beyond  the  orbit  of  Neptune,  the  outer- 
most planet.  By  its  gravitation  and  resulting  contraction, 
the  nebula  is  supposed  to  have  acquired  a  movement  of 
rotation,  with  polar  flattening.  Whenever  the  outer  equa- 
torial belt  of  the  revolving  nebula  attained  a  centrifugal 
force  exceeding  the  attraction  toward  the  central  mass,  a 
part  would  be  left  behind,  either  as  a  relatively  small  re- 
volving nebulous  body,  or  as  a  ring  of  -such  matter,  some- 
what like  the  rings  of  Saturn.  Later  the  ring,  if  it  was  at 
first  of  that  form,  would  be  broken ;  and  finally  the  de- 
tached mass  would  be  gathered  into  a  globe,  which,  iii  its 
condensation,  would  form  satellites  in  the  same  manner 
as  outer  parts  of  the  great  central  mass  formed  the  suc- 
cessive planets. 

Under  this  theory  the  principal  features  of  our  plane- 
tary system,  implying  unity  of  origin  and  development, 
find  a  consistent  general  explanation.  Prof.  Charles  A. 
Young  has  enumerated  these  features,  which  could  only 
have  originated  by  some  process  of  orderly  evolution,  as 
follows  :* 

1.  The  orbits  of  the  planets  are  all  near/y  circular. 

2.  They  are  all  nearly  in  one  plane  excepting  con- 
siderable divergence  of  some  of  the  little  asteroids. 

3.  The  revolution  of  all  is  in  the  same  direction. 

4.  There  is  a -curiously  regular  progression  of  dis- 
tances  between  the  planetary  orbits. 

5.  There  is  a  roughly  regular  progression  of  density, 
increasing  both  ways  from  Saturn. 

6.  The  plane  of  the  planets'  rotation  nearly  coineides 
with  that  of  the  orbits. 

7.  The  direction  of  the  rotation  is  the  same  as  that 
of  the  orbital  revolution  excepting  probably  the  two  outer- 
most planets. 

8.  The  plane  of  orbital  revolution  of  the  satellites 
is  nearly  coincident  with  that  of  the  planet's  rotation. 

•  Text-Book  of  Oeneral  AstroDoroj,  1881,  p.  RE. 
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9.  The  (iiretiion  of  the  satellites'  revolution  also 
coincides  with  that  of  the  planet's  rotation. 

10.  The  largest  planets  rotate  most  swiftly. 

That  these  wonderfully  harmonious  relations  of  the 
planets  to  each  other  and  to  the  sun,  and  of  the  satellites 
to  the  planets,  could  have  originated  by  any  fortuitous 
concourse  of  matter,  like  the  visits  of  comets  which  may 
come  from  any  part  of  the  heavens,  is  utterly  improbable. 
There  is  not  one  chance  in  millions  for  the  order  of  the 
solar  system  to  have  come  to  pass  without  a  systematic 
development;  but  the  sublime  theory  of  Laplace,  in  its 
main  outlines,  with  modifications  as  required  .by  further 
knowledge  of  astronomical  and  physical  laws,  or  some 
other  nebular  theory,  perhaps  the  one  most  fully  reviewed 
in  this  paper,  accounts  for  all  this  majestic  unity  of  the 
Creator's  plan  in  launchTng  the  earth  and  its  associate 
planets  to  revolve  around  the  enormously  larger  central 
sun. 

Instead  of  an  originally  gaseous  and  very  hot  condi- 
tion of  the  parent  nebula,  as  supposed  by  Laplace,  some 
prominent  English  physicists  and  astronomers  have 
thought  that  in  its  earliest  definable  condition  it  consisted 
of  meteorites,  that  is,  particles  and  little  masses  of  solid 
and  cold  matter.  Sir  Norman  Lockyer,  reasoning  from 
his  extensive  investigations  in  spectrum  analyses,  states 
this  view  as  follows:*  "Nebulae  are  really  swarms  of 
meteorites  "or  meteoritic  dust  in  the  celestial  spaces.  The 
meteorites  are  sparse,  and  the  collisions  among  them  bring 
about  a  rise  of  temperature  sufficient  to  render  luminous 
some  of  their  chief  constituents." 

Besides  the  testimony  of  the  spectroscope  concerning 
the  characters  of  the  nebulae,  we  may  consider  the  rings  of 
Saturn,  which  are  very  thin  but  have  great  area!  extent,  as 
probably  a  strong  evidence  of  the  meteoritic  derivation  of 
the  planets  and  the  sun.  Richard  A.  Proctor,  after  stating 
the  physical  impossibilities  of  the  existence  and  perma- 
nence of  "these  unique  rings  as  either  solid  or  liquid  con- 
tinuous  bodies,  wrote  :t     "The    sole    hypothesis    remains 

•  The     Meteoritic     Hrpotha^a,    &  Statement  of  the  Reaulta  ol  a  Spec- 
troscopic Inquiry  iDto  the  OrlKln  of  CoBmlcBl  Sratems,  1890,  p,  es. 
t  Satum  and    Its   Sr^em,    Moond  edition,   revised    1882,   d.   UG. 
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that  the  rings  are  composed  of  Rights  of  disconnected  satel- 
lites, so  small  and  so  closely  packed  that,  at  the  immense 
distance  to  which  Saturn  is  removed,  they  appear  to  form 
a  continuous  mass."  In  other  words,  the  Saturnian  rings 
are  made  up  of  myriads  of  separately  moving  small  masses, 
which  are  doubtless  similar  to  the  stony  meteorites  that 
fall  rarely  on  the  earth. 

Again,  the  origin  of  the  hundreds  of  asteroids,  or 
minor  planets,  mostly  no  more  than  a  few  miles  in  diam- 
eter, but  including  several  from  100  to  perhaps  about  300 
miles  in  diameter,  seems  very  readily  explained  under  this 
modification  of  the  nebular  theory. 

Professor  Young  well  says:*  "The  meteoric  theory 
of  a  nebula  does  not  in  the  least  invalidate,  or  even  to  any 
great  extent  modify,  the  reasoning  of  Laplace  in  respect 
to  the  development  of  suns  and  systems  from  a  f^aseous 
nebula.     The  old  hypothesis  has  no  quarrel  with  the  new." 

Another  theory,  which  differs  more  widely  from  that 
of  Laplace,  has  been  very  recently  proposed  by  Prof.  T,  C. 
Chamberlin,  of  the  University  of  Chicago,  who  names  it 
the  Planetesimal  Hypothesis.  His  studies  in  this  direc- 
tion have  been  in  progress  about  five  years,  with  publica- 
tion of  preliminary  papers,*  preparing  the  way  for  the  new 
hypothesis;  but  its  first  somewhat  detailed  statement  in 
print  has  appeared  since  the  beginning  of  the  present 
year.t  In  this  latest  paper,  Professor  Chamberlin  gives 
the  following  principal  outlines  of  his  researches  for  a  new 
and  more  applicable  nebular  theory,  especially  having  in 
view  its  relation  to  the  origin  of  the  earth. 

Under  the  typical  form  at  the  planetesimal  hypothesis  It  Is 
assumed  thtkt  the  parent  nebula  of  the  solar  syetem  consisted  of 
innumerahte  small  bodies,  plane  teslmals  [Infinitesimal  plane- 
toids], revolving  about  a  central  gaseous  mass,  somewhat  as 
do  the  planets  to-day.  The  hypothesis,  tfieretore,  postulates  no 
fundamental  change  In  the  system  of  dynamics  after  the  nebula 
was  once  formed,  hut  only  an  assemblage  of  the  scattered  material. 

•  I'ext-Book  of  General  Astronomy,   p,   528. 

+  An  Attempt  to  Test  the  Nebular  Hypothesis  by  the  Relations  of 
Masses  and  Momenta,  In  the  Jourasl  ol  Qeology,  ChicaRO,  vol.  vlll,  pp. 
5!!-T3.  Jan. -Feb..  1900.  On  a  Possible  Function  of  Disruptive  Approitcli 
In  the  Formation  of  Meteorites.  Compts,  and  Nebulae.  Journal  of  Geol- 
oKy.   vol.    li,  pp.  389-992.  July-August.  1901. 

X  Fundamental  lYoblems  of  Qeoloicy.  In  the  Year  Book  No.  3.  fur 
IBM,  of  the  Carnegie  institution  ot  Washltiglon.  puhUshed  In  Januury, 
isns.    pp.    196-SS. 


)y  Google 


2o6  The  American  Geologist.  *•""  "** 

Aa  Inquiry  Into  the  possible  modes  by  whicti  the  planeteBlmal 
condition  might  arise  revealed  several  possible  methods.  Such 
condition  might  srlse  from  a.  nebula  that  was  originally  gaseous. 
If.  for  example,  It  be  supposed  that  the  parent  nebula  was  a  gaseous 
spheroid,  and  that  It  detached  material  from  Its  equatorial  belt 
molecule  by  molecule,  rather  than  by  rings,  as  poetulated  by  Ia- 
place,  these  molecules  would  probably  become  planeteslmals  In- 
stead of  members  of  a  true  gaseous  body.  •  ■  •  There  is  rea- 
son to  believe  that  this  method  would  really  be  almost  the  only 
systematic  one  by  which  a  gaseous  spheroid  of  the  Laplaclan  type 
would  detach  material  from  its  equatorial  belt.    •     •     • 

*  *  *  To  develop  the  hypothesis  as  definitely  and  concretely 
aa  possible,  I  have  further  chosen  a  special  case  from  among  those 
that  might  possibly  arise,  the  case  In  which  the  nebula  Is  supposed 
to  have  arisen  from  tbe  dispersion  of  a  'sun  as  a  result  of  close 
approach  to  another  large  body.  The  case  does  not  Involve  the 
origin  of  a  star  nor  even  the  primary  origin  of  the  solar  system, 
but  rather  Its  rejuvenation  and  the  origin  of  a  new  family  of 
planets,  •  -•  •  This  particular  eub-hypotbesls  was  selected  for 
first  development  (1)  because  It  postulates  as  simple  an  event  as  it 
seems  poeaible  to  assign  as  the  source  of  so  great  results,  (2)  be- 
cause that  event  seems  very  likely  to  have  happened,  (3>  because 
the  form  of  the  nebula  supposed  to  arise  In  this  way  Is  the  most 
common  form  known,  the  spiral,  and  (4)  because  spectroscopic 
observations  seem  at  present  to  support  the  constitution  assigned 
this  class  of  nebulEe.    •     •     • 

■  •  ■  The  continuous  spectrum  Is  interpreted  to  mean  that 
their  chief  luminous  material  is  In  a  liquid  or  solid  state.  •  •  • 
As  the  liquid  condition  is  lUnltcd  to  a  rather  narrow  range  of 
temperature,  and  as  this  range  is  very  different  for  different 
material.  It  Is  Improhnble  that  any  large  portion  of  a  nebula  is  In 
this  state,  and  the  whole  may  be  conveniently  treated  as  though 
it  were  formed  of  solid  matter,  but  matter  in  a  Ane  divided  con- 
dition. This  last  qualification  seems  necessary,  for  the  volume 
of  these  nebulee  is  often  very  great,  and  yet  they  appear  to  inter- 
cept but  little  light  and  give  no  signs  of  great  attractive  power. 

The  prevailing  form  of  these  nebulte  is  the  apirai  ks  deter- 
mined by  the  late  Professor  Keeler,  and  this  form  particularly 
characterizes  the  smaller  nebuls  recently  brought  to  knowledge 
by  improved  Instruments  and  manipulative  skill.  These  newly 
'  discovered  nebulse  are  estimated  to  number  at  least  ten  times  the 
whole  number  previously  known.  From  the  superior  number  of  ' 
spiral  nebulee  It  Is  a  safe  Inference  that  their  peculiar  forms  repre- 
sent some  prevalent  process  In  celestial  dynamics.  This  is  In 
Itself  a  reason  why  research  should  turn  to  them,  by  preference, 
for  the  origin  of  the  present  solar  system.     *     •     * 

A  notable  and  seemingly  very     significant    feature     of  these 
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nebulffi  Is  th«  preBence  of  two  dominant  anas  that  arise  from 
diametrically  opposite  sides  of  the  nucleue  and  curve  concentric- 
ally away.  No' single-arm  spiral  of  the  vatchsprlng  type  baa  been 
found,  BO  far  as  I  am  aware.  There  are  often  more  than  two 
arms  In  the  outer  part,  and  there  Ib  much  Irregularly  dispersed 
matter,  but  eren  In  tbe  more  scattered  forme  the  dominance  of 
two  arms  is  dlBcemible.  ■ 

A  second  feature  of  note  la  tbe  presence  of  numerous  nebulous 
knots  or  partial  concentrations  on  tbe  arms  and  more  or  less  out- 
side them.  So,  also,  tbe  more  diffuse  nebulous  matter  1b.  un- 
equally distributed,  and  In  some  of  the  forms,  regarded  as  young- 
est, dark  spots  and  lines  emphasize  the  irregularity. 

All  the,Be  features  go  to  show  that  these  forms  are  controlled, 
not  by  the  support  of  part  on  part,  as  in  a  continuous  body  or  In 
a  mass  of  gas  or  eren  la  a  definite  swarm  of  quasl-gaseoua  me- 
teorites, but  by  some  system  Of  combined  kinetic  energy  and 
gravity  which  ptnnita  iadependeact  of  parts.  It  is,  therefore, 
conceived  that  the  Innumerable  solid  or  liquid  particles  which 
tbe  continuous  spectrum  Implies-  revolve  about  the  common  cen- 
ter of  gravity  as  though  they  were  planetoldal  bodies.  If  this 
were  certainly  known  to  be  the  case,  these  might  well  be  called 
plaaetesimel  ntbulae. 

It  Is  clear  from  the  tenuity  of  these  nebulte,  as  seen  from 
the  side  of  the  spiral,  that  they  are  dlsk-Uke,  and  this  Is  directly 
shown  to  be  so  when  tbey  are  seen  obliquely.  In  their  disk-like 
shape,  these  nebulce  conform  to  the  mode  of  distribution  of  mat- 
ter In  tbe  solar  system.  Within  the  area  of  their  disks,  also,  the 
distribution  ^s  Irregular,  as  It  Is  In  the  aolar  system — a  fact  too 
much  overlooked  by  reason  of  our  predilection  for  symmetry,  un- 
der the  Influence  of  the   symmetrical   Laplaclan  conception. 

All  of  the  more  familiar  spiral  nebnlfe  b&ve  dimensions  that 
vastly  transcend  those  of  the  solar  system,  and  they  cannot  be 
taken  as  precise  examples  of  tbe  solar  evolution.  *  *  *  It  is 
to  be  boped,  however,  that  tbe  present  rapid  progress  in  the  per- 
fectlcm  of  instruments  and  of  skill  will  soon  bring  wltbfn  the 
reach  of  BucceBsful  study  some  of  the  smaller  spiral  nebnlte  that 
represent  the  solar  system  more  nearly  In  mass  and  proportions. 

With  this  much  of  knowledge  and  of  limitation  of  knowledge 
relative  to  existing  nebulte,  the  construction  of  a  working  bypo- 
theslB  required  not  a  little  resort  to  supplementary  deductive 
and  hypothetical  considerations.  The  Inference  that  a  spiral 
nebula  Is  formed  by  a  combined  outward  and  rotatory  movement 
Implies  a  pre-existing  body  that  embraced  the  whole  mass.  In 
harmony  with  this,  an  ancestral  solar  system  has  been  postulated 
— a  ByBtem  perhaps  In  no  very  esBentlal  respect  different  from 
the  present  one.    •     •    • 

To  this  conception  of  an  ancestral  sun  with  an  undefined 
antecedant  history  as  a  star,  question  will  arise  at  once  as  to  a 
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aufllclency  of  energy  for  the  aun'e  matnteaance  through  such  a 
prolonged  history.  *  •  •  This  objection  Is  based  on  the  as- 
sumption that  the  snn's  heat  and  light  are  derived  almost  wbolty 
from  self-compreaslOD,  as  urgod  by  HelmholtK.  This  self-com- 
pression has  usually  been  computed  on  the  basis  of  certain  limit- 
ing assumptions,  the  validity  of  which  is  open  to  question.  •  •  • 
The  extraordinary  energies  displayed  by  radio-active  substances 
are  doubtless  but  an  Initial  demonstration  of  Immeasurable  ener- 
gies resident  In  other  forms  of  matter  and  In  the  constitution  of 
tbe  sidereal  system  and  competent  for  its  maintenance  for  unas- 
signable periods.     •     »    • 

*  *  *  No  appeal  is  here  made  to  collisions  as  a  source  of 
tbe  parent  nebula  of  the  solar  system,  but  only  to  an  approach 
of  the  ancestral  sun  to  another  large  body,  and  this  approach  Is 
act  assumed  to  have  been  very  close,     •     ■     • 

Our  present  sun  shoots  out  protuberances  to  heights  of  jnany 
thousands  of  miles,  at  velocities  ranging  up  to  300  miles  per 
second  and  more.  If  It  were  not  for  the  retarding  Influence  of  tbe 
immense  solar  atmosphere,  some  of  these  outshoots  would  doubt- 
less project  portions  of  themselves  to  the  outer  limits  of  the 
present-  system,  and  perhaps  in  some  cases  quite  beyond  it,  tor 
the  observed  velocities  sometimes  closely  approach  the  controlling 
limit  of  the  sun's  gravity,  if  they  do  not  actually  reach  It.  ■  •  • 
If  with  these  potent  forces  thus  nearly  balanced  the  sun  closely 
approaches  another  sun  or  body  of  like  magnitude — suppose  one 
.several  times  the  mass  of  the  sun,  since  It  Is  regarded  as  a  small 
star — the  gravity  which  restrains  this  enormous  elastic  pover 
will  be  relieved  along  the  line  of  wataal  attraction,  on  the  prin- 
ciple made  familiar  in  the  tides.  At  tbe  saiAe  time  the  pressure 
transverse  to  this  line  of  relief  Is  increased.  Such  localized  re- 
lief and  Intensification  of  pressure  must,  It  is  believed,  result  In 
protuberances  of  exceptional  mass  and  high  velocity.  According 
lo  the  well-known  tidal  principle,  these  exceptional  protuberances 
would  rise  fiom  opposite  sides,  and  herein  lies  the  assigned  ex- 
planation of  the  prevalence  of  two  diametrically  opposite  arms 
In  tbe  spiral  nebulse. 

Nothing  remotely  approaching  a  general  dispersion  of  tbe 
ancestral  sun  seems  to  be  required.  Tbe  present  planets  and 
their  satellites  altogether  amount  to  about  one  seven-hundredth 
part  of  the  mass  of  the  system.  Simply  to  supply  the  required 
planetary  matter,  the  protuberances  need  Include  but  this  small 
fraction  of  (he  ancestral  sun.  However,  some  considerable  part 
«f  the  projected  matter  must  probably  have  been  gathered  back 
Into  the  sun,  and  some  part  may  possibly  have  been  projected 
"beyond  the  control  of  the  system.  Making  allowances  for  both 
these  factors,  the  proportion  of  tbe  sun's  mass  necessarily  In- 
volved In  the  protuberances  la  still  very  small.  Apparently  1  or 
2  per  cent  of  the  sun's  mass  would  amply  sufllce.    •    •     • 
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The  distal  portions  o(  the  protuberances  would  obviously  be 
formed  troia  the  superficial  portions  of  the  sun,  while  the  later  por- 
tions of  the  ejections  forming  the  proximal  parts  of  the  anns 
would  doubtless  come  mainly  from  lower  depths,  and  hence 
probably  contain  more  molecules  of  high  specl&c  gxsvltj'.  In  this 
seems  to  lie  a  better  basis  for  esplalnlng  the  eitraordinary  light- 
ness of  the  outer  planets  and  the  high  specific  graTltles  of  the 
Inner  ones,  than  In  the  separation,  from  the  extreme  equatorial 
surface  of  a  gaseous  spheroid,  of  successive  rings  whose  total 
mass  only  equaled  one  seven-hundredth  part  of  the  original 
nebula. 

It  seems  consistent  with  the  conditions  of  the  case  to  assume 
that  the  protuberances  would  consist  of  a  succession  of  more  or  '' 
less  Irregular  outbursts,  as  the  ancestral  sun  In  Its  swift  whirl 
around  the  controlling  star  was  more  and  more  alTected  by  the 
latter's  differential  attraction:  and  hence  the  protuberances 
would  be  directed  in  somewhat  changing  courses,  and  would  be 
pulsatory  In  character,  resulting  In  rather  Irregular  and  some- 
what divided  arms,  and  In  a  knotty  distribution  of  the  ejected 
matter  along  the  arms.  These  knots  must  probably  be  more  or 
less  rotatory  from  inequalities  of  projection. 

It  is  thus  conceived  that  a  apiral  nebula,  having  two  domi- 
nant arms,  opposite  one  another,  each  knotty  from  irregular  pul- 
sations, and  rotatory,  the  knots  probably  also  rotatory,  and  at- 
tended by  subordinate  knots  and  whirls,  together  with  a  general 
scattering  of  the  larger  part  of  the  mass  In  Irregular  nebulous  form, 
would  arise  from  the  simple  event  of  a  disruptive  approach.  ■  *  • 

The  problem  of  the  luminescence  of  nebulfe  Is  confessedly 
a  puzsllng  one.  There  Is  little  ground  for  assigning  general  In- 
candescence to  matter  so  obviously  scattered  and  tenuous  and 
possessed  of  such  an  enormous  radiating  surface.  The  assign- 
ment of  the  light  to  the  colltBion  of  meteorites,  as  done  by 
Lockyer,  encounters  both  dynamic  and  spectroscopic  difficulties. 
The  recent  discoveries  of  the  luminescent  properties  of  radio- 
active matter  and  of  its  power  to  awaken  luminescence  in  other 
matter  offers  some  hope  of  a  solution.     •    ■     • 

The  solution  of  the  problem  may,  however.  He  along  electrical 
lines.  At  present  It  seems  more  probable  that  the  luminescence 
arises  from  some  agency  that  acts  at  low  temperatures,  than  that 
It  Is  dependent  on  heat,  and  hence  objections  to  a  planeteslmat 
organization  on  the  ground  of  low  temperature  do  not  seem  to  me 
to  have  much  force.    •    •     • 

In  attempting  to  follow  the  probable  evolution  of  such  a  spiral 
nebula,  three  elements  stand  out  conspicuously:  (1>  The  central 
mass,  obviously  to  become  the  sun;  (2)  tbe  knots  on  the  arms 
that  are  assumed  to  be  the  nuclei  of  the  future  planets  and  per- 
haps satellites;  and  (3)  the  diffuse  nebulous  matter  to  be  added 
to  the  nuclei  as  material  of  growth.    In  the  particular  case  of  the 
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solar  nebula  It  Is  assumed  (1)  that  the  central  mass  was  rela- 
tively very  great;  (2)  that  the  knots  were  verj  Irregular  In  size 
and  placed  at  Irregular  distances  from  the  center;  and  (3)  that 
the  nebulous  portion  was  very  small  relative  to  the  central  mass 
and  probably   large   relative   to  the   knots. 

*  *  *  Since  all  the  planeteBiinalB  and  planetary  nuclei 
were  revolving  in  the  same  direction  about  the  solar  mass,  the 
collisions  were  all  overtakes,  and  could  have  been  violent  only 
to  the  extent  of  their  differences  of  orbital  velocity,  modified  by 
their  mutual  attractions.  These  velocities  are  of  a  much  lower 
order  than  the  average  velocities  of  meteoritic  collisions.  Many 
of  the  overtakes  would  obviously  be  due  to  dftterences  of  veloc- 
ity barely  sufficient  to  bring  about  an  overtake.  When  the  rela- 
tive mildness  of  Impact  is  considered  In  connection  with  the  In- 
tervals between  Impacts  at  a  given  spot,  the  conviction  can 
scarcely  he  avoided  that  the  surface  temperature  would  not  neces- 
sarily bare  been  high.  It  seems  probable  that  It  would 
have  been  moderate  throughout  moat  ot  the  period  of  aggrega- 
tion, and  Certainly  bo  in  the  declining  stages  of  Infatl.       •       •       • 

By  graphical  Inspection  of  all  probable  cases,  it  may  be  seen 
that  the  possibilities  of  overtake  favorable  to  forward  rotation 
exceed  those  favorable  to  retrograde  rotation.  This  holds  true 
on  the  assumption  of  an  equable  distribution  of  planetesimals, 
which  may  fairly  be  assumed  as  an  average  fact,  but  not  neces- 
aarlty  as  always  the  fact;  and  hence  the  conclusion  is  not  rigor- 
ous, and  a  backward  rotation  Is  not  impossible.  From  the  nature 
of  the  ease,  a  varying  rotation  for  the  several  planets  is  more 
probable   than   a  nearly   uniform   one. 

It  is  also  obvious  that  the  Impacts  on  the  right  and  left  sides 
of  a  growing  .nucleus,  as  well  as  those  on  the  outer  and  Inner 
sides,  might  be  unequal,  and  hence  obliquity  of  rotation  of  vary- 
ing kinds  and  degrees  might  arise.  As  the  solar  system  presents 
these  variaticDs,  the  method  of  accretion  here  postulated  seems 
to  lend  Itself  happily  to  the  requirements  of  the  case. 

*  *  *  A  planetary  nucleus  gathers  planetesimals  that  Iiave 
orbits  both  larger  and  smaller  than  Itself,  and  hence  In  effect  it 
sweeps  a  space  botii  outside  and  Inside  Its  own  zone.  The 
breadth  of  this  space  Is  dependent  on  the  eccentricity  of  Its  own 
orbit  and  on  the  eccentricities  of  the  orbits  of  the  planetesimals 
It  gathers  in  on  either  hand. 

*  •  "  For  the  large  planets  that  have  dominated  their  col- 
lecting zones  and  presumably  swept  them  thoroughly,  the  reduc- 
tions of  eccentricity  are  subequal.  For  the  very  small  bodies  that 
presumably  grew  but  little,  the  eccentricities  remain  large,  lor 
the  greater  part.  For  example,  the  eccentricity  of  Mercury,  the  . 
smallest  ot  the  planets,  remains  more  than  twice  that  of  any 
other  planet.  Mars,  the  next  smallest  In  size,  comes  next  In  ec- 
centricity among  the  planets,  while  the  asteroids,  which  probablr 
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grew  but  little,  have  high  eccentricities,  as  a  rule.    •    •     • 

To  bring  oat  the  geological  bearings  of  the  planetesUual 
hypoiheslB,  I  have  given  considerable  time  to  a  studY  erf  the  prob- 
able stages  of  growth  of  the  early  earth,  of  the  time  and  mode 
of  Introductlua  of  the  atmosphere  and  hydrosphere,  and  of  the 
Initiation  of  the  great  topographic  features,  together  with  the 
leading  modem  processes.    ■    •     • 

Following  the  postulates  of  the  previous  sketch,  a  nebular 
knot  Is  assumed  to  have  been  the  nucleus  of  the  growing  earth. 
■  *  *  Assuming  that  the  nuclear  mass  was  quite  small,  it  Is 
Inferred  that  It  was  composed  chiefly  of  matter  of  high  molecular 
weight,  since  light  molecules  would  be  liable  to  escape  because 
of  their  velocities.  The  nucleus  Is  supposed  to  have  been  origin- 
ally an  assemblage  of  planeteslmals  grouped  together  by  their 
mutual  gravity,  and  to  have  passed  gradually  Into  a  solid  mass 
in  connection  with  the  capture  of  outside  planeteslmals.    •     •     • 

As  the  solid  nucleus  thus  formed  may  not  have  been  maaslre 
enough  to  control  a  gaseous  envelope  In  Its  earlier  stages,  a 
possible  stmosphereless  stage  is  to  be  recognized.  Just  how 
massive  a  planetary  body  must  be  to  hold  permanently  an  appre- 
ciable atmosphere  Is  not  accurately  computable  at  present,  be- 
cause of  the  uncertain  value  of  some  of  the  factors  Involved.  A 
fairly  safe  conclusion  msy  perhaps  be  drawn  from  known  celestial 
bodies.  The  moon  ■  •  •  baa  no  detectable  atmosphere,  nor 
has  any  smaller  body,  whether  satellite  or  asteroid,  so  far  as 
known.  Mars  •  ■  •  has  an  appreciable,  but  apparently  quite 
limited,  atmosphere.  The  limit  between  stmosphereless  and 
atmosphere-bearing  bodies  probably  lies  between  the  twj— i.  e,, 
roundly  between  one-elghtleth     and     one.tenth     of     the     earth's 

When  the'  growing  earth  reached  a  mass  sufficient  to  control 
the  flying  molecules  of  atmospheric  material,  there  were  two 
sources  from  which  these  could  be  supplied  for  the  accumulation 
of  an  atmosphere,  an  external  snd  an  internal  one.     •     •    • 

In  the  later  stages  of  organization,  and  thence  down  to  th^ 
present  time,  the  molecules  discharged  from  all  the  bodies  of  the 
-  solar  system  were  possible  sources  of  atmospheric  accretion.  Of 
these  the  most  important  were  probably  volcanic  and  similar  dis- 
charges from  the  small  bodies  that  could  not  hold  gases  perma- 
nently and  discbarges  from  the  sun  by  virtue  of  the  enormous 
explosive  and  radiant  energies  that  are  there  resident. 

As  the  planeteslmals  were  gathered  Into  the  growing  earth- 
nucleus  they  carried  their  occluded  gases  in  with  them,  except 
as  the  superflcial  portion  might  be  set  free  by  the  heat  of  Impact. 
There  was  thus  built  into  the  growing  earth  atmospheric  mate- 
rial.    ••     • 

The  gases  chiefly  occluded  in  meteorites  and  the  crystalUne 
rocks   are   hydrogen,   carbon    dioxide,   and    carbon    monoxide   In 
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leading  ftmounte,  aad  marsh.siia  and  nitrogen  In  amall  quantities. 
It  is  assumed  that  the  gaaes  ctf  the  aggregated  planetestmals,  and 
hence  those  of  the  interior  of  the  early  earth,  were  of  the  same 
order  of  abundance.    •    •     • 

In  determining  the  actual  proportions  of  the  constituents  of 
the  early  atmosphere,  the  abundance  of  the  supply  was  probably 
leas  decisive  than  the  power  of  the  earth  to  hold  the  Individual 
gases.  As  gravity  gradually  Increased  by  the  growth  of  the 
earth  from  an  Incompetent  minimum,  its  power  to  control  the 
heaviest  molecules  with  the  lowest  velocities  was  acquired  before 
its  ability  to  bold  the  lighter  ones  of  higher  veloclUes.    ■     *    • 

Carbon  dioxide  would  be  held  some  appreciable  time  before 
oxygen,  and  still  longer  before  nitrogen,  and  all  these  a  notable 
time  before  the  vapor  of  water.  The  Inference  Is  that  the  initial 
atmosphere  was  very  rich  In  carbon  dioxide,  for  an  abundant  sup- 
ply was  correlated  with  a  superior  power  of  retention. 

The  amount  of  oxygen  In  the  early  atmosphere  is  more  un- 
certain from  doubt  as  to  a  competent  source  of  supply.  •  ■  • 
For  the  primitive  atmosphere  there  is  theoretical  need  for  only 
enough  oxygen  to  support  the  primitive  plant  life  until  It  could 
supply  itself,  after  which  it  would   produce  a  surplus.    •    •    • 

After  the  earth  acquired  the  power  of  holding  water-vapor, 
the  supply  being  abundant,  accession  doubtless  went  on  for  a 
time  as  fast  as  the  capacity  to  hold  Increased 

The  problem  of  vulcanlsm  assumes  a  quite  new  aspect  under 
the  planeteslmal  hypothesis,  It  very  slow  accretion  without  very 
high  temperature  be  assumed.  It  has  been  taken  for  granted  in 
the  preceding;  statement  that  there  was  volcanic  action.  It  Is 
necessary,  therefore,  to  consider  how  volcanic  action  may  have 
arisen,  and  this  involves  the  more  radical  question  how  the  high 
Internal  temperatures  of  the  earth  may  have  arisen  if  the  earth 
did  not  Inherit  Its  heat  from  a  molten  condition  arising  from  a 
gaseous  origin.    •    •     • 

The  chief  source  of  Internal  heat  la  assigned  to  the  pro- 
gressive condensation  of  the  growing  body  as  material  was  added 
to  Its  surface.  The  amount  of  this  condensational  heat  for  the 
full-grown  earth,  computed  on  the  best  data  now  available,  seems 
to  be  ample  to  meet  all  the  requirements  of  the  known  geologic 
ages.  •  •  *  That  heat  arising  from  condensation  aokfy  would 
reach  the  melting  temperature  of  rock  In  s  body  one-twentieth  of 
the  earth's  mass  seems  more  or  less  doubtful,  but  In  a  body  one- 
tenth  of  the  earth's  mass  the  required  conditions  would  probably 
be  reached.    •    •     • 

Pressure  Itself  is  probably  incompetent  to  melt  rock  sub- 
stances that  shrink  In  solidifying,  but  the  high  temperatures  gen. 
erated  by  pressure  In  the  deep  Interior  were  constantly  moving 
outward  into  horizons  of  lower  presanrea,  where  the  melting- 
points  were  lower.    As  the  computed  temperature  at  the  center 
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of  the  adult  e&rth  la  about  30,000°  C,  there  would  eeem  to  be  no 
lack  of  heat,  In  the  later  stagea  at  least.  The  essence  of  the 
problem  lies  in  Its  redistribution  and  In  its  selectire  action. 

The  material  of  the  Interior  was  orlglnallr,  by  hypothesis,  an 
intimate  mixture  of  planetesimals  of  various  kinds,  with  such 
gaseous  material  as  they  carried  In  or  entrapped  in  the  process 
of  growth.  *  •  •  The  outward  flow  of  heat  in  such  a  mixture 
must  bring  some  parts  to  fusibility  much  before  the  melting- 
points  of  other  parts  were  reached.  Local  spots  of  fusion  must 
thus  arise.  To  this  fusion  the  entrapped  and  occluded  gases  may 
be  presumed  to  have  contributed  and  to  have  Joined  themselves 
to  the  fused  masses,  and  to  have  aided  in  giving  them  fluid- 
ity.    ••     • 

It  is  not  necessary  to  the  hypothesis  to  suppose  that  volcanic 
action  was  an  essential  preliminary  to  the  acquisition  of  an  at- 
mosphere, nor  that  it  came  into  function  before  the  earth  acquired 
an  atmosphere,  for  the  initial  atmosphere  may  have  been  sup- 
plied from  external  sources.  The  apparent  vigor  and  the  wide 
prevalence  of  volcanic  action  on  the  moon.  If  its  pitted  surface 
means  vulcanlam,  as  well  as  the  glassy  material  found  In  meteor' 
Ites,  whose  origin  is  referred  preferably  to  small  atmoaphereless 
bodies,  favors  the  view  that  the  Internal  gases  were  given  fortb 
abundantly  before  the  earth  grew  to  a  mass  sufficient  to  hold 
them.  If  thle  were  true,  an  ample  source  of  atmospheric  supply 
was  ready  and  waiting  when  the  earth  first  acquired  sufficient 
gravity  to  clothe  Itself  with  a  gaseous  envelope. 

When  the  Increasing  water-vapor  of  the  growing  atmosphere 
reached  the  point  of  saturation,  it  Is  of  course  assumed  to  have 
taken  the  liquid  form  and  became  a  contribution  to  the  hydro- 

If  It  be  assumed  that  the  earth's  growing  hydrosphere  ap- 
peared at  the  surface  when  our  planet  had  attained  the  mass  of 
liars,  whose  radius -is  about  2,100  miles,  the  subsequent  growth 
would  form  a  shell  about  1,900  miles  thick.  It  is  not  altogether 
certain  that  Mars  bears  water  bodies  on  Its  surface;  but  the  areas 
of  greenish  shade  environed  by  a  surface  generally  ruddy,  the 
polar  white  caps  ("snow  caps")  that  come  and  go  with  the  sea- 
sons, and  the  apparent  occasional  presence  of  clouds,  not  to  appeal 
to  the  evidence  of  aqueous  absorption  lines  in  the  spectrum  re- 
ported by  some  good  observers,  but  unconflrmed  by  others,  lend 
some  support  to  the  opinion  that  wat«r  Is  present,  though  perhaps 
not  in  the  form  of  definite  water  bodies.    •    •    • 

Without  attempting  to  flx  the  precise  stage.  It  is  not  un- 
reasonable to  assume  that  surface  waters  had  begun  their  accu- 
mulation upon  the  earth's  exterior  while  yet  tt  lay  1,500  to  1,800 
miles  below  the  preaent  surface.  The  present  difference  between 
the  radii  of  the  oceanic  basins  and  the  radii  of  the  continental 
platforms  Is  scarcely  3  miles,  on  the  average;  so  that  If  the  con- 
tinental segments  be  assumed  to  be  In  approximate  hydrostatic 
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«<iulllbriuin  with  tb&  oceanic  segments  to-day,  aa  seems  higbly 
probable,  the  eelectlve  weathering  process  brought  about  a  differ- 
ence In  depreBBion  of  only  1  mile  In  600  or  600  miles,  or  abotrt 
one-flfth  ol  1  per  cent.    •    •    • 

Not  only  Is  the  evolution  of  the  great  abysmal  baalne  and  ol 
the  coDtlaeatal  platforms  thus  assigned  to  a  very  simple  and  Ine- 
vitable process,  but  there  Is  therein  laid  the  foundation  for  sub- 
sequent deformation  of  the  abysmal  and  continental  type. 

*  *  *  A  theoretical  scantiness  of  time  for  a  prolonged 
evolution  previous  to  the  Cambrian  period  has  been  deduced  from 
a  molten  earth,  but  this  does  not  apply  to  tbe  planeteslmal  hypo- 
thesis. The  supposed  limitation  of  the  sun's  thermal  endurance 
would  apply  If  tbe  arguments  could  be  trusted,  but  their  founda- 
tion has  been  cut  away  by  recent  discoveries.  It  is  not  the  least 
of  the  virtues  of  tbe  planeteslmal  hypothesis  that  It  opens  the 
way  to  a  study  of  tbe  problem  of  the  genesis  and  early  evolution 
of  life  free  from  the  duress  of  excessive  time  limits  and  o(  other 
theoretical  bamyerlngs,  and  leaves  the  solution  to  be  sought  untram- 
meled,  except  by  the  conditions  Inherent  In  the  problem  Itself,  which 
are  surely  grave  enough. 

It  is  assumed  that  the  conditions  on  which  life  is  now  de- 
pendent were  prerequisites  to  Its  introduction.  As  already  Indi- 
cated, an  atmosphere  and  hydrosphere  sufficient  to  sustain  life 
may  have  been  acquired  when  the  earth  was  about  the  size  of 
Mars,  or  one-tenth  grown.  If,  to  be  conservative,  a  preliminary 
growth  of  twice  this  amount  be  allowed,  there  sUll  remains  be- 
tween this  and  tbe  Cambrian  record  the  growth  of  four-fifths  of 
the  mass  of  the  earth.  So  tar,  therefore,  as  atmosphere  and 
hydrosphere  ara  concerned,  life  may  have  been  Introduced  earl^ 
In  tbe  history  ot  the  earth,  and  may  have  had  a  vast  Interval 
for  development  prevlcus  to  the  earliest  legible  record.  There  Is 
another  essential  condition— a  sufficiency,  but  not  an  excess,  of 
heat  and  light.  If  tbe  formation  of  the  parent  nebula  Involved 
.  only  the  outshootlng  of  a  small  fraction  of  the  ancestral  sun,  tbe 
solar  supply  of  beat  and  light  may  not  have  been  so  seriously 
disturbrd  as  to  have  latally  aRfcted  Its  availability  to  furaisb  what 
was  necessary  for  life  at  any  stage  of  the  earth's  growth.  •  •  • 
'  *  ■  There  is  little  ground  for  apprehension  that  tbe  in- 
falling  planeteslmals  would  be  seriously  dangerous  to  the  early 
forms  ot  life,  for  In  the  first  place  the  atmosphere  must  have 
been  then,  as  now.  an  effective  cushion,  chechlng  the  speed  of 
the  planetesimsls  and  partially  dissipating  thEm,  and.  In  the  second 
place,  tbe  early  organisms  were  probably  all  aquatic  and  were 
further   protected    by   tbetr    water   covering.     •     •     • 

So  soon  as  plants  and  animals  had  come  Into  action,  all  the 
great  factors  potential  In  the  earth's  physical  evolution  were  In 
play. 

By  hypothesis,  volcanic  action  only  began  some  time  after 
the  beginning  ot  the  earth's  growth,  for  it  was  delayed  (1)  by  tne 
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lack  ol  sufficient  compreBsion  In  ibe  central  parte  to  give  Uie 
requisite  heat,  and  (2)  by  the  time  required  for  tUs  central  heat 
to  move  out  to  zones  of  less  pressure,  wbere  it  would  suffice  to 
melt  the  more  fusible  constituents.  But,  once  begun,  it  is  sup- 
posed to  have  gradually  Increased  In  actual  and  In  relative  Im- 
portance until  it  reached  its  climax.  This  obviously  came  much 
later  than  the  climax  of  growth,  for  it  was  dependent  on  the 
growth  to  give  the  Increased  compression  from  which  arose  the 
central  beat  on  which  the  vnlcanlsm  depended.    *    *    * 

The  formations  of  this  period  of  volcanic  dominance,  with 
very  subordinate  clastic  accompaniment,  are  regarded  as  consti- 
tuting the  Archean  complex,  though  perhaps  only  the  later  por- 
tions of  the  great  volcanic  series  are  represented  by  the  known 
Archean. 

To  give  a  satisfactory  statement  of  Professor  Cham- 
berlin's  exceedingly  interesting  and  elaborate  theory  has 
thus  required  very  large  quotation  from  his  recent  publica- 
tion of  it.  Only  by  such  direct  presentation  of  his  work  in 
his  own  words  could  justice  be  done  to  this  new  nebular 
theory,  to  which  this  eminent  glacialist  was  primarily  led 
by  his  endeavors  to  explain  the  causes  of  the  Ice  Age, 
and  of  its  several  waxing  and  waning  stages,  by  periodic 
changes  in  the  content  of  carbon  dioxide  in  the  atmosphere. 
Having  been  an  assistant  under  his  direction  on  the  United 
States  Geological  Survey  during  seven  years  in  my  work 
on  the  Glacial  Lake  Agassiz,  it  is  with  great  pleasure  and 
pride  that  I  can  claim  for  him  and  for  America  the  dis- 
tinguished honor  of  having  developed  this  great  theory  of 
the  origin  of  the  earth.  It  will  certainly  introduce  into 
geology  and  geophysics  many  new  and  fruitful  methods 
of  observation  and  research.  Indeed,  nearly  all  the  great 
fields  of  theoretical  geology  now  require  renewed  investi- 
gation, by  which  the  planetesimal  hypothesis  shall  be 
tested. 

An  earlier  address  by  Professor  Chamberlin,  partially 
setting  forth  his  studies  in  this  direction,  was  given  before 
the  Geological  Society  of  America,  at  its  fifteenth  annual 
meeting,  in  Washington,  D.  C,  on  January  i,  1903,  entitled 
"Origin  of  Ocean  Basins  on  the  Planetesimal  Hypothesis ;" 
but  only  a  very  brief  abstract  or  note  of. this  address  was 
■    published.* 

.  p.  HR.  March.  ISOi;  and    Am- 
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From  the  oral  statements  in  this  and  other  unpublish- 
ed addresses.  Prof.  Herman  L.  Fairchild,  secretary  of  the 
■  Geological  Society  of  America,  presented  on  January  i, 
1904,  at  the  sixteenth  annual  meeting  of  that  society,  an 
able  discussion  of  the  geologic  bearings  of  the  new  hypo- 
thesis.* 

The  recent  detailed  publication  of  it,  in  Year  Book 
No.  3  of  the  Carnegie  Institution,  from  which  I  have  so 
largely  quoted,  has  no  diagrams  or  other  graphic  illustra- 
tions; but  such  desirable  aids  for  the  more  definite  develop- 
ment of  the  subject,  with  ample  treatment  of  its  relations 
to  geology,  are  intended  to  be  published  soon,  in  the  second 
volume  of  a  geological  text-book  by  Professors  T.  C. 
Chamberlin  and  R.  D.  Salisbury,  whose  first  volume  of 
this  work  was  issued  early  last  year.t 

Chamberlin  has  contributed  greatly  to  the  establish- 
ment of  an  acceptable  nebular  theory,  consistent  with  the 
known  relations  of  the  planets,  their  satellites,  and  the 
sun,  by  his  derivation  of  the  solar  system  from  a  spiral 
nebula,  and  by  his  indicating  the  probable  mode  of  origin 
of  such  nebulae,  which  abound  by  tens  of  thousands 
throughout  the  starry  heavens,  as  discovered  by  the  most 
powerful  telescopes. 

Both  the  meteoritic  hypothesis  of  Lockyer  and  the 
planetesimal  hypothesis  of  Chamberlin  seem  to  me  prob- 
ably true  in  their  regarding  the  nebulous  matter  from 
which  planets  and  suns  are  made  as  having  become  mostly 
solid,  though  finely  divided,'  and  as  very  cold,  being  in 
almost  absolutely  cold  and  immensely  extended  space, 
previous  to  the  condensation  and  segregation  which  form- 
ed it  into  worlds  and  stars. 

During  the  accumulation    of    the    planets    and    their 

satellites,   much  or  perhaps  nearly   all    of    the    nebulous 

matter  forming  them  had  remained,   until  thus  gathered 

as  great  bodies,  apparently  in  solid  and  cold  molecules  or 

in  small  masses  brought  together  by  their  gravitative  at- 

•  Oeolosy  under  the  PlaneteBlmal  HypothaalB  of  Barth-OdKla,  BuUe- 
t<n,     G.     B.     A.,     vol.     XV,     pp.     US-XB,  pubUatied    June    2S,    1904;    ana      Ah- 
:  94-U6,   Feb..  UO*. 
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traction,  as  seems  reliably  evidenced  by  the  rings  of  Saturn 
and  by  the 'many  little  asteroids. 

Coming  to  the  question  whether  the  accumulation  of 
so  large  a  body  as  the  earth  took  place  without  its  becom- 
ing intensely  hot  and  molten,  somewhat  like  the  sun,  we 
have  first  the  observations  and  theories  of  geology  to  aid 
in  giving  an  answer,  and  these  may  be  advantageously 
supplemented  by  the  physiographic  features  of  our  satel- 
lite, the  moon.  It  has  been  long  held  by  geologists  that 
the  downward  increase  of  heat  in  the  earth's  crust,  present 
volcanoes,  the  widely  distributed  evidences  of  ancient  vol- 
canic action,  and  thermal  metamorphism  of  great  rock 
formations,  indicate  an  internal  temperature  which  must 
fuse  any  known  rocks,  unless  tkey  are  prevented  from  this 
by  overlying  pressure.  The  new  hypothesis  of  Chamber- 
lin  accounts  for  vulcantsm,  and  for  all  that  we  know  of  the 
earth's  internal  heat,  fully  as  well  as  the  Laplacian  hypo- 
thesis of  condensation  of  an  intensely  hot  gaseous  nebula, 
while  it  better  accords  with  the  physical  and  dynamic  rela- 
tions of  the  planets  and  sun. 

If  our  inquiry  be  turned  to  the  moon,  we  see  a  most 
wonderful  record,  as  it  is  generally  regarded,  of  extinct 
volcanic  action,  implying  a  formerly  very  hot  and  probably 
almost  wholly  molten  state  of  that  globe,  which  has  a  little 
more  than  one-fourth  the  diameter  of  the  earth.  These 
two  companion  globes  were  doubtless  accumulated  simi- 
larly. The  moon,  after  acquiring  its  present  size,  had 
multitudes  of  volcanoes  which  left  round  craters,  or  parts 
of  their  crater  rims,  of  varying  dimensions  from  those  at 
the  limit  of  telescopic  vision  up  to  one  with  a  diameter  of 
about  800  miles,  or  nearly  four-fifths  of  the  moon's  radius. 
So  great  a  lake  or  sea  of  molten  rock,  simiTar  to  the  cal- 
deras  of  the  Hawaiian  volcanoes,  but  of  vastly  larger  area, 
whose  crater  rim  is  partially  preserved  in  the  lunar  Car- 
pathian-Apennine-Caucasus  chain  cf  mountains,  could 
only  exist  when  much  of  the  interior  of  the  moon  was 
melted.  It  seems  possible  and  indeed  probable,  therefore, 
that  the  earth,  whether  formed  as  supposed  by  the  old  or 
the  new  nebular  hypothesis,  was  nearly  or  quite  all  melted 
during  a  considerable  part  of  the  time  of  its  accumulation. 
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The  jjlanets  undoubtedly  tended  in  some  degree  toward 
the  same  intensely  hot  condition  which  is  reached  by  the 
sun  and  stars  in  the  con.centration  of  originally  nebulous 
matter. 

But  another  explanation  of  the  origin  of  the  very 
sbundant  small  and  large  crateriform  features  of  the  moon 
has  b'.'en  advocated  by  G.  K.  Gilbert,  of  tlie  United  States 
Geological  Survey.  This  very  remarkable  and  ingenious 
explanation  seems  largely  identical  with  the  later  plane- 
tt-simal  hypothesis  of  Chamberlin,  so  far  a^  that  hypothesis 
deals  with  the  segregation  of  the  originally  nebulous  mat- 
ter to  form  planets  and  satellites.     Mr.  Gilbert  writes:* 

•  •  •  It  Is  my  hypotheelB  that  before  our  moon  came  Into 
existence  the  earth  was  surrounded  by  a  ring  similar  to  the 
Saturalan  Hag:  that  the  small  bodies  constituting  this  ring  after- 
ward gradually  coalesced,  gathering  first  around  a  large  number 
of  nuclei,  and  finally  all  uniting  In  a  single  sphere,  the  moon.  Un- 
der this  hypothesis  the  lunar  craters  are  the  scars  produced  by 
the  collision  of  those  minor  aggreeations,  or  moonlets,  which  last 
surrendered   their   Individuality. 

*  *  *  The  Introduction  of  the  hypothesis  of  a  Saturnlan 
ring  thus  ,accompliafaes  much  toward  the  reconciliation  of  the  im- 
pact theory  with  the  circular  outline  of  the  lunar  craters.    •     •     • 

In  fine,  the  hypothesis  of  the  Saturnian  ring,  by  restricting 
the  colliding  bodies  to  a  single  plane,  by  substituting  a  low  Ini- 
tial velocity  ani!  thus  rendering  the  moon's  attraction  the  domi- 
nant influence,  and  by  Introducing  a  system  of  directions  con- 
trolling, and  therefore  adjusted  to,  the  moon's  rotation,  relieves 
the  meteoric  theory  of  Its  most  formidable  difficulty.  It  also  ex- 
plains in  a  simple  way  the  abundance  of  colliding  bodies  of  a 
different  order  of  magnitude  from  ordinary  meteorites  and  aero- 
lites.   •     •    • 

The  velocity  of  Impact,  depending  chiefly  on  the  moon's  at- 
traction, must  be   supposed   to  have  Increased  gradually   as   the 


.  .- Sturty  of  the  Origin  of  its  Features.  Aildr^sa  an 

...Br.t=.u..il.  delivered  Deoembar  10,  189S,  Bulletin  of  the  phllrwo- 
...-lI  Society  of  Waahlneton.  D.  C.  vol.  xll.  pp.  241-292,  with  one  plate 
nd    M   fttcurES    In    Che    text;   published   April.    ISftS. 

Referring  to  cnrly  suKKentlonB  of  meteoric  accumuiallon  of  the  moon, 
nd  of  other  coamin  bodiM.  Mr.  Rilbert  said  In  this  paper  (1882):    -I  have 
leteoric  theories  morp  thnn  twenty 
vHrlouB  obscure  allusions  Indicate 
lakea  a  meteoric  suBKestlon  in  18TS 
m  1S7R   (Bclgravia.   vol,   36.    P.    15i). 
d  tn      Dii    hhysngnf"    •''•     AK.«rf*t 
,    1S79,    A.    Meydenbauer   advai 
-uary.   i»ci. " 

Lockyer,   before 
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mooQ  grew.  In  the  ckwlng  stages  of  the  procesB  It  dtd  not  vary 
greatly  on  either  side  of  one  and  one-half  miles  per  second,  and 
the  phenomena  of  the  present  surface  may  be  discussed  on  the 
basis  of  that  yeloclty.  The  energy  due  to  that  velocity  would 
more  than  suffice  *  ■  *  to  melt  the  moonlet  If  It  were  com- 
posed of  ordinary  volcanic  rock  and  provided  all  of  the  energy 
were  applied  to  the  heating  of  the  moonlet.  Practically  only  a 
portion  of  It  was  thus  applied;  another  portion  produced  heat  in 
the  contiguous  tract  of  the  moon's  material;  yet  another  was 
consumed  in  the  deformation  of  moonlet  and  moon  resulting  In 
the  crater,  and  another  resulted  In  modlflcatlons  of  the  moon's 
motions,  changing  Its  orbit,  Its  orbital  velocity,  Its  axis,  and  its 
rotational  velocity.  The  energy  converted  into  heat  might  be 
regarded  as  the  remainder  after  deducting  all  other  effects,  and 
the  resulting  temperatures  would  be  further  conditioned  by  the 
distribution  of  heat  In  the  colliding  masses. 

Since  the  area  of  the  moan's  surface  directly  struck  by  the 
moonlet  is  a  function  of  the  square  of  the  diameter  of  the  moon- 
let, while  the  energy  applied  to  that  area,  being  measured  by  the 
mass  of  the  moonlet.  Is  a  function  of  the  cube  of  its  diameter, 
more  energy  would  he  applied  to  a  unit  of  space  in  the  case  of 
large  moonlets  than  In  the  case  of  small,  and  the  temperatures 
caused  by  large  moonlets  would  therefore  be  greater.  To  this 
relation  I  ascribe  the  restriction  of  Inner  plains,  indicative  of 
fusion,    to   the   larger   craters.     •     *     • 

In  the  breaking  up  of  the  postulated  pre-lunar  ring  there  were 
at  first  many  centers  of  aggregation, — were  the  moon  the  only 
center,  the  scars  of  Impact  would  all  be  small.  Bo  long  as  the 
masses  were  small  the  process  of  aggregation  developed  little 
heat,  for  the  heat  of  Impact  depended  almost  wholly  on  velocities 
created  by  mutual  attractions.  That  particular  moonlet  which 
became  the  nucleus  of  the  moon  may  therefore  he  conceived  as 
cold,  or  at  least  as  sufBclently  cool  to  be  solid.  As  the  moon's 
'  mass  grew,  the  blows  It  received  were  progressively  harder,  and 
tor  a  time  their  frequency  also  increased.  The  rate  of  heating 
probably  reached  and  phsaed  Its  maximum  while  the  mass  was 
materially  less  than  now.  During  the  whole  period  of  growth 
the  surface  lost  heat  by  radiation,  but  the  process  of  growth  can- 
not have  been  slow  enough  to  permit  the  concurrent  dissipation 
of  all  the  Impact  beat.  On  the  one  huid,  there  should  have  been 
some  storage  of  heat  in  the  interior,  and,  on  the  other  hand,  the 
stored  heat  can  never  have  sufflced  for  the  liquefaction  of  the 
nucleus.  Toward  the  close  of  the  process,  when  blows  were  hard 
but  rare,  liquefaction  was  a  local  and  temporary  surface  pheno- 
menon, but  the  general  temperature  of  the  surface  was  low. 
Impact  heat,  being  evolved  simultaneously  In  the  surface  and  the 
subsurface,  was  dissipated  more  rapidly  from  the  surface,  so 
that  there  was  a  subsurface  Eone  of  relatively  high  temperature. 
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The  Eone  thus  Interred  deductively  is  also  Inferred  Inductlvelr 
from  the  disparity  of  cavities  and  rims  In  the  case  of  large  craters; 
but,  on  the  other  hand,  there  is  little  evidence  of  the  wrinkling 
which,  theoretically,  should  result  from  the  adjustment  ot  a  cold 
crust  to  a  cooling  nucleus.  *  *  *  *  It  Is  therefore  probable  th&t 
the  final  shrinkage  of  nucleus  was  small,  and  the  antecedent 
storage  of  heat  correspondingly  small.  During  the  whole  period 
of  growth  the  body  of  the  moon  was  cold. 

After  thus  stating  the  hypothesis  of  Gilbert  for  the 
origin  of  the  moon,  in  his  own  words,  it  is  not  needful  to 
consider  here  in  detail  the  numerous  arguments  which 
favor  vutcanistn,  instead  of  impacts,  as  the  cause  of  the 
moon's  craters.  The  adoption  of  Gilbert's  explanation  of 
the  physiography  and  development  of  the  moon  would  go 
very  far  toward  conclusive  verification  of  the  planetesimal 
hypothesis;  but  Chamberlin  evidently  thinks  that  volcanic 
origin  of  the  lunar  craters  is  more  probable. 

Gilbert  considers  the  whole  process  of  Hie  moon's 
gathering  its  formerly  scattered  material  to  have  been  com- 
pleted at  least  before  the  deposition  of  the  earth's  Paleozoic 
sediments,  else  they  would  here  and  there  reveal  evidences 
of  collision  of  some  of  the  portions  of  the  previous  ring 
matter,  since  these  must  have  fallen  not  only  on  the  moon 
but  in  like  manner  on  the  earth.  Whether  the  craters  of 
the  moon  resulted  from  meteoric  aggregation  or  from  vul- 
canism,  the  very  steep  and  high  mountains  of  the  crater 
rims  have  doubtless  remained  through  very  long  ages  un- 
affected by  agencies  of  erosion,  because  of  the  absence  of 
atmosphere. 

Geologic  antiquity,  as  hitherto  studied,  falls  far  short 
of  reaching  back  to  the  time  of  completion  of  the  creation 
of  these  companion  globes,  the  earth  and  its  satellite,  in 
nearly  the  same  size  and  condition  which  they  have  now. 
But  in  the  new  views  opened  by  the  hypothesis  noticed 
in  this  paper  the  range  of  geologic  inquiries  and  theories 
is  extended  almost  inconceivably  farther  back,  through 
the  laying  of  "the  foundation  of  the  earth." 
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DR.      NAN8EN'8      "BATHYMETRICAL      FEATURES      OF.     THE 
NORTH    POLAR  SEA,  WITH   A  DISCUSSION   OF  THE 
CONTINENTAL    SHELVES    AND   THE   PRE- 
VIOUS OSCILLATIONS  OP  THE  SHORE- 
LINE."* 

A  Rerlev  hy  J.  W    SPlRciB. 

This  is  one  of  the  comprehensive  scientific  memoirs 
which  have  been  the  outcome  of  Dr.  Nansen's  Arctic  ex-, 
plorations.  While  it  treats  of  the  physiographic  features 
of  the  Polar  basin,  yet  the  greater  part  is  devoted  to  the 
investigation  of  continental  shelves,  not  merely  of  the 
Arctic  basin,  but  also  those  of  the  Atlantic,  in  which  respect 
it  is  the  most  important  work  that  has  appeared  anywhere, 
and  along  with  that  is  the  investigation  of  the  drowned 
valleys  dissecting  the  shelves. 

Dr.  Nansen  has  considerately,  for  us  English-speaking 
people,  written  in  our  own  tongue,  but  as  his  monograph 
is  published  in  Norway,  few  in  this  country  will  be  able 
to  see  the  original  work,  and  yet  the  book  is  absolutely 
necessary  for  any  serious  student  of  the  subject,  but  for 
those  who  cannot  see  the  original  an  attempt  at  summariz- 
ing it  may  be  of  some  assistance. 

Dr.  Nansen  tells  us  that  he  planned  his  expedition,  on 
the  assumption  that  there  was  a  free' Polar  sea,  and  ex- 
pected along  with  most  geographers  that  it  was  compara- 
tively shallow.  But  the  discovery  of  the  great  continental 
slope  in  front  of  the  broad  submerged  shelf  of  the  Eurasian 
continent,  reaching  to  a  depth  of  4,000  metres  and  more, 
proved  the  existence  of  a  great  sea  basin,  only  limited  by 
the  rise  of  a  corresponding  slope  to  the  continental  shelf 
of  the  American  side.  How  far  the  shelf  extends  beyond 
the  American  archipelago  is  not  known,  but  certain  it  is 
that  there  is  deep  water  at  the  North  pole.  This  feature 
is  illustrated  in  a  finely  executed  colored  chart,  giving  us  a 
graphic  idea  of  the  size  and  form  of  the  true  basin. 

North  of  the  low  Siberian  coast,  the  continental  shelf 
"reaches  to  640  kilometres  in  breadth,  at  which  point  its 
depth  below  the  sea  is  only  156  metres.  The  width  of  the 
shelf  from  Alaska,  north  of  Bering  strait  and  Siberia  to 
Franz  Joseph  land,  is  nearly  uniform,  though  in  places  re- 
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(luced  by  projections  from  the  coast;  with  a  general  depth 
of  less  than  loo  metres.  In  the  vicinity  of  Bering  strait, 
Xansen  gives  three  sections  of  the  continental  shelf,  two 
of  which  after  showmg  a  breadth  of  nearly  400  miles  begin 
to  descend  abruptly  as  if  their  border  were  approached. 
Even  the  fragmentary  evidence  on  the  American  side  indi- 
cated that  the  edge  of  the  shelf  (reduced  to  a  width  of  70 
kilomtres)  is  at  the  same  depth  of  about  100  metres  as  else- 
where. Franz  Josepf  land  and  Spitzbcrgen  are  located  on 
the  outer  edge  of  the  shelf  which  is  here  somewhat  broader. 
The  depth  is  irregular,  showing  that  the  platform  is  dis- 
sected by  valleys  communicating  with  the  Polar  basin  at 
one  end,  and  the  Norwegian  sea  at  the  other.  This  is  on 
the  floor  of  Barentz  sea,  which  extends  from  these  islands 
to  Novaya  Zemlia  and  the  Norwegian  coast.  The  irregu- 
larity of  the  soundings  In  this  sea  may  in  part  be  attributed 
to  the  partial  filling  of  the  ancient  valleys  by  glacial  depos- 
its, river  silts,  the  drifted  sediments  of  coast-wise  wash 
and  the  levelling  effect  of  the  floating  ice  on  the  bottom  of 
the  shallow  sea,  but  the  valleys  themselves  are  more  or 
less  apparent.  These  are  described  in  considerable  detail, 
along  with  their  tributary  branches,  as  well  as  those  of 
Kara  sta.  The  valley-like  features  are  traced  to  the  edge 
of  the  submarine  plain,  but  the  soundings  in  them  have  not 
generally  reached  to  more  than  400-500  metres.  (Still  the 
reviewer  had  observed  a  qove  to  8,100  feet  incising  the  con- 
tinental slope  southwest  of  Spitzbergen,  where  the  depth 
below  the  sea  level  is  only  840  feet.  This  indicates  that 
the  valleys  extend  to  the  floor  of  the  basin.)  The  Tsrpid 
descent  from  the  shelf  is  shown  in  various  places.  Some 
idea  of  this  last  feature  may  be  obtained  north  of  Spitz- 
bergen, where  in  a  distance  of  about  30  miles,  a  slope  from 
171  metres  to  1,150  occurs.  In  his  great  discovery  of  the 
deep  Arctic  basin,  Nansen  found  the  slope  north  of  the  New 
Siberian  islands  reached  from  100  metres  on  the  edge  oT  the 
shelf  to  over  1,920  in  a  distance  of  40  miles. 

Off  the  Siberian  coast,  he  did  not  find  the  valleys  on 
the  surface  of  the  shelf,  which  fact  he  attributes  to  their 
refilling  by  the  coast-wise  distribution  of  the  sediments 
brought  down  by  the  great  rivers.     But  he  observed  many 
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typical  valleys  in  Kara  sea,  and  these  may  have  been  left 
open  on  account  of  their  great  distance  from  the  Siberian 
or  other  rivers.  The  soundings  in  Barentz  and  Kara  seas 
are  "sufficient  to  show  that  the  physical  features  of  the 
bottom  bear  a  striking  resemblance  to  a  former  sub-aerial 
region"  as  there  is  an  "extensive  coherent  system  of  broad 
submarine  valleys  ♦  •  •  with  many  tributaries  drain- 
ing an  extensive  area  of  the  ancient  continent  as  far  east 
as  Novaya  Zemlia.  *  *  *  The  whole  bottom  seems  to 
have  been  elevated  above  sea  level  *  *  *  at  some  pre- 
vious and  probably  not  very  remote  geological  period  *  *  • 
No  other  theory  would  in  my  opinion  serve  to  explain  the 
origin  and  presence  of  such  a  system  of  valleys  under  the 
water  of  the  sea.  «  *  *  X'alleys  may  be  formed  by  faults 
or  folding  *  *  «_  gut  vv-e  cannot  expect  the  depres- 
sions thus  formed  to  assume,  without  the  aid  of  meteoric 
agencies  the  shape  of  typical  river  valleys  with  numerous 
branches  or  tributaries  or  converging  into  a  trunk  valley, 
which  on  the  whole  gradually  deepens  towards  its  em- 
bouchure opening  out  into  the  oceanic  abyss."  (p.  26.)  He 
further  points  out  that  if  the  ridges  between  the  valleys  in 
this  region  have  been  formed  by  seismic  movements  they 
must  have  been  dissected  by  erosion  of  some  kind,  for  all 
the  transverse  valleys  could  not  have  been  formed  by  tec- 
tonic strains,  as  they  exhibit  typical  features  of  river- 
formed  channels,  afterwards  occupied  by  glaciers.  These 
features  on  the  shelf  required  an  elevation  of  450  metres 
above  sea  level  and  probable  much  more,  and  he  regrets 
our  lack  of  information  which  prevents  our  defining  the 
amount.  He  also  shows  that  the  channels,  as  that  at 
Vardo,  have  not  been  excavated  by  submarine  glacial  ero- 
sion. These  valleys  were  formed  at  a  time  >ust  preceding 
the  Glacial  epoch.  Then  they  were  occupied  by  glaciers, 
which  deposited  detritus  in  the  valleys,  as  they  were  reced- 
ing during  the  subsequent  subsidence  of  ah  -inter-Glacial 
epoch,  which  culminated  when  the  sea  had  reached  100 
metres  above  the  present  level.  Then  recurred  another 
elevation,  followed  by  the  latest  Glacial  epoch.  The  val- 
leys were  partially  re-excavated,,  and  according  to  Ramsay 
the  glaciers  did  not  reach  the  coast.     A  second  submerg- 
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encc  to  about  70  metres  below  the  present  followed.  A 
third  elevation  raised  portions  of  the  sea  bottom  so  that 
the  glacial  deposits  were  incised  by  new  channels,  now 
forming  some  of  the  submerged  valleys.  Again  a  third 
depression  brought  the  land  down  to  21-22  metres, 
after  which  it  rose  to  the  present  hight.  (pp.  34-35). 
Nansen  finds  a  remarkable  repetition  of  changes  which  the 
reviewer  has  shown  as  occurring  on  this  side  of  the  At- 
lantic. 

In  the  American  archipelago,  Nansen  calls  attention  to 
depths  of  411,512  and  more  than  732  metres,  as  well  as 
shallower  ones,  indicating  that  the  region  is  one  of  typical 
fjords  with  channels  opening  into  the  Polar  basin,  though 
they  may  be  found  obstructed  as  in  the  case  of  the  Nor- 
wegian fjords;  and  he  further  considers  that  the  Arctic 
basin  is  not  very  distant. 

Even  without  soundings  on  the  American  shelf  to 
show  its  limit,  Nansen  says  "the  Fram  cannot  have  drifted 
along  a  deep  and  narrow  sub-ocean  channel."  He  espec- 
ially mentions  that  the  existence  of  the  cold  bottom  water 
maices  it  "perfectly  impossible."  The  heavy  bottom  water 
at  more  than  800-900  metres,  originating  from  the  inflowing 
Atlantic,  cannot  have  been  cooled  down  at  the  observed 
depths,  beneath  the  overlying  warmer  water,  and  the  lower 
layers,  affected  by  subterranean  heat;  it  must  have  cooled 
down  somewhere  in  the  unknown  portion  of  the  Polar 
basin,  in  contact  with  the  surface  layer  of  cold  water — ^this 
at  some  place  far  ofF  from  the  course  of  the  Fram.  Simitar 
conditions  exist  in  the  Norwegian  sea,  where,  however,  the 
centre  of  cold  surface  water  has  been  found  north  of  Jan 
Mayen.  In  the  Polar  basin,  Nansen  locates  the  centre  of 
cold  surface  water  somewhere  between  the  North  Pole  and 
Bering  strait ;  but  the  bottom  water  is  not  reduced  to  quite 
so  low  a  temperature  as  in  the  Norwegian  sea.  According- 
ly "we  are  obliged  to  assume  that  it  (the  deep  basin)  has 
a  wide  extension,"  probably  the  greater  part  of  the  still  un- 
known Polar  region  (p.  228).  Finally  the  drift  of  the  ice, 
under  the  east  coast  of  Greenland,  is  much  greater  than 
farther  north,  where  the  ice  belt  must  correspond  to  the 
"broader  one  in  the  known  and  unknown  Polar  sea,  from 
■which  it  converges. 


)y  Google 


Nausea's  Continentttl  Oscillations—Speacer.       225 

There  are  two  distinct  layers  on  the  bottom  of  the 
Polar  seas; — a  .brown  clay  resting  on  gray  clay,  or  vice 
versa — the  brown  requiring  the  longer  time  for  its  accumu- 
lation. This  difference  may  in  part  have  arisen  from  more 
waste  being  carried  down  to  the  sea  at  one  time  than  at 
another;  or  with  equal  probability,  it  may  be  due  to  the 
movement  of  the  shore  lines,  causing  the  advancement  or 
recession  of  the  mouth  of  the  river,  but  only  a  considerable 
change  of  level  of  land  and  sea  would  make  a  difference 
where  the  oscillating  coast  line  was  characterized  by  a 
steep  descent. 

The  Siberian  continental  shelf,  northwest  of  Koteloi, 
at  1,400  metres,  showed  lo-ii  centimetres  of  gray  clay  rest- 
ing on  the  brown,  as  a  distinct  layer,  with  no  Foraminifera 
in  the  gray,  and  only  rarely  in  the  brown.  The  composi- 
tion of  the  two  kinds  is  nearly  the  same.  The  brown  color 
indicates  a  slower  rate  of  deposition.  The  comparatively 
recent  submergence  of  the  Siberian  tundra  (100-150 
metres)  would  greatly  reduce  the  basins  of  the  rivers, 
causing  the  embouchures  to  recede  so  that  the  sedimenta- 
tion down  the  continental  slope  would  permit  the  slow 
accumulation  of  the  brown  deposits.  The  rise  of  the  land 
would  favor  the  deposition  of  the  gray.  In  Barentz  sea, 
a  very  thin  upper  layer  of  green  clay  rests  on  the  gray. 

In  the  basin  of  the  Norwegian  sea,  which  is  separated 
from  that  of  the  Arctic,  by  a  ridge  between  Spitzbergen 
and  Greenland,  the  brown  oxidized  clay  rests  upon  the 
gray,  which  contains  no  animal  remains,  or  any  great 
amount  of  carbonate  of  hme.  On  the  continental  slope, 
to  about  900  metres,  the  layer  of  brown  clay  is  very  thin, 
but  it  increases  in  thickness  on  approaching  the  oceanic 
depths.  So  also  the  Biloeulina,  etc.  increase  as  well  as  the 
percentage  of  carbonate  of  lime  to  15-20  per  cent  in  the 
true  foraminiferal  clay.  The  gray  clay  must  have  here 
been  deposited  in  a  former  period,  when  there  was  a  rapid 
deposition  of  terrigenous  waste  with  very  little  animal 
matter.  This  can  be  explained  by  the  Norwegian  shore 
line  extending  seaward,  when  the  land,  compared  with  the 
sea-level  stood  much  higher  than  now.  At  such  a  time  the 
Greenland-Iceland-Scotland    ridge    cut    off    the    Atlantic 
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waters,  thus  affecting  the  warm  currents  and  the  distribu- 
tion of  life. 

A  conspicuous  feature  of  the  Polar  basin  is  the  smalt 
amount  of  Foraminifera  and  of  carbonate  of  lime,  in  one 
case  five  per  cent,  in  others  from  one  to  three  per  cent. 
This  scarcity  may  be  attributed  to  the  absorption  of  light 
by  the  ice.  The  deep  sea  brown  clay,  which  prevails  on  the 
bottom  of  the  Polar  basin,  is  very  much  like  the  Biloculina 
clay  which  occurs  in  the  Norwegian  sea  (this  organism 
does  not  occur  here),  but  the  percentage  of  Hme  is  very 
much  less.  These  organic  deposits  indicate  former  more 
favorable  biological  conditions.  Very  little  terrigenous 
matter  reaches  the  deep  basin  from  the  rivers,  and  the  fine- 
ness of  the  deposits  there  compared  with  the  coarse  mate- 
rial of  the  coast  region,  shows  that  there  has  been  no  great 
glacial  drift  across  the  Polar  basin.  Nansen  very  rarely 
found  any  stones,  as  large  as  a  pea,  on  the  floe-ice,  but  in 
many  cases,  dust  and  mud  were  seen  in  quantities.  In  a 
very  cold  sea  even  the  shore  ice  travels  across  it  without 
depositing  its  load,  and  in  this  case  it  finally  melts  east  of 
Greenland,  where  the  debris  sinks  to  the  sea  floor. 

The  continental  shelf  of  Barentz  sea  becomes  con- 
tracted to  about  50  kilometres  off  the  Norwegian  coast  in 
front  of  the  neighboring  high  mountains  from  Tromso  to 
Vesteraalcn,  but  beyond  it  widens  out,  supporting  the  Lo- 
foden  islands,  and  reaches  the  breadth  of  250  kilometres 
in  the  vicinity  of  latitude  66°,  The  edge  of  the  shelf  then 
turns  landward  so  that  it  recedes  to  within  80  kilometres 
of  the  coast  in  front  of  Aalesund.  Farther  on,  it  turns 
westward,  and  the  continental  shelf  itself  is  represented  by 
the  floor  of  the  North  sea,  near  latitude  62°.  This  defini- 
tion requires  further  explanation,  for  from  this  point  south-  - 
ward  and  around  to  Christiania  fjord  is  the  merest  fringe 
of  the  continental  shelf,  which  might  be  said  to  disappear, 
if  it  were  not  repeated  on  the  other  side  of  the  broad  sub- 
marine Norwegian  channel,  as  the  floor  of  the  North  sea; 
accordingly  the  great  shelf  itself  is  only  incised  by  the 
channel,  which  is  a  minor  feature.  This  Norwegian  chan- 
nel extends  inward  for  480  nautical  miles,  with  a  breadth 
of  40-56  miles,  to  Christiania  fjord,  having  the  Sogne  fjord 
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and  other  tributaries.  It  is  so  close  to  the  shore  that 
the  higher  portion  of  the  continental  shelf  does  not  appear. 
This  channel  ends  abruptly  in  three  tributary  fjords. 

The  soundings  of  the  continental  shelf  display  many 
irregularities,  on  account  of  the  incisions  in  it.  The  great 
valley  fjords  cross  it.  These  are  obstructed  by  barriers 
near  the  outer  coast  line.  The  shelf  is  naturally  best  de- 
veloped between  the  valleys,  and  the  broadest  and  deepest 
shelves  or  platforms  are  situated  in  front  of  the  lowest 
coast,  and  the  highest  and  narrowest  in  front  of  precipitous 
coasts.  The  author  distinguishes  a  coast  platform  from 
the  general  shelf.  This  is  where  the  shallow  sea  is  studded 
with  low  islands  and  skerries.  It  has  an  important  bear- 
ing on  the  question  of  the  origin  of  the  shelves  considered 
later.  The  local  descriptions  with  sections  are  given  in 
great  detail,  and  these  are  necessary  to  understand  the 
general  characteristics. 

The  Norwegian  shelf,  almost  everywhere,  terminates 
abruptly,  and  its  very  level  or  gently  undulating  surface  is 
in  contrast  with  the  rapid  descent  of  the  continental  slope 
extending  to  oceanic  depths.  On  this  the  gradients  are 
steepest  between  200  and  1,000  metres,  becoming  gentler 
from  1,500  to  2,000  metres.  Even  down  the  slope,  evi- 
dences of  river-like  valleys  may  be  traced  to  the  greatest 
depths  where  soundings  have  been  made.  North  of  Ando 
they  have  thus  been  found  to  over  i.oco  mteres,  within  the 
edge  of  the  shelf  itself,  which  here  has  a  depth  from  less 
than  !00  metres  to  400  according  as  it  is  the  upper  or  lower 
platform.  Many  undulations  in  the  isobaths  of  the  slope 
indicate  channels  to  800  metres. 

From  Rarentz  sea  to  latitude  67°  the  upper  levels  of  the 
continental  shelf  usually  reach  to  its  very  edge;  as  also  be- 
yond latitude  64°.  Between  these  points,  the  main  shelf  is 
indented  'jy  an  embayment,  which  is  floored  by  a  lower 
plain,  whose  outer  edge  is  bounded  by  the  400-metre  line. 
This  lower  submarine  plateau  reappears  in  the  Norwegian 
channel,  and  far  north  in  Barentz  sea. 

Sometimes  the  valleys  appearing  on  the  continental 
slope  lie  outside  of  the  line  of  the  modern  channels.  This 
is  attributed  to  a  diversion  from  the  older  ones  apparent 
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at  the  greater  depths,  owing  to  glacial  or  other  deposits 
tilling  the  original  channels. 

The  submarine  fjords  crossing  the  continental  shelf 
characteristically  reach  to  a  depth  of  400-500  metres,  and  in 
the  north,  the  land-bounded  fjords  inside  have  a  similar  but 
only  slightly  greater  depth,  while  in  the  south,  the  inner 
ones  are  much  deeper.  Between  the  inner  and  outer  fjords, 
the  channels  are  often  shallowed  to  within  300  metres  of 
the  surface  of  the  sea.  This  400-500  metre  base  level  is  re- 
peated on  the  ridge  between  Scotland  and  Norway  and  in 
Baffin  bay. 

In  central  Norway,  there  is  a  tendency  of  tlie  fjords  to 
follow  a  combination  of  longitudinal  and  transverse  val- 
leys. This  is  regarded  as  proof  that  the  surface  features  of 
the  country  are  due  to  water  erosion  and  not  to  glacial, 
according  to  Prof.  J.  H.  L.  Vogt.  The  conclusion  that  the 
longitudinal  ones  are  due  to  the  erosion  of  rivers  is  also 
supported  by  Dr.  H.  Reush  and  Prof,  W.  C.  Brogger.  While 
the  denuding  agents  may  have  obliterated  the  last  traces  of 
the  folds,  Nansen  thinks  that  such  tectonic  causes  brought 
to  the  surface  the  layers  of  the  more  yielding  rocks  upon 
which  the  agents  have  acted.  With  this  additional  expres- 
sion, the  author  agrees  with  Vogt  that  the  broad  longitu- 
dinal and  the  narrow  transverse  valleys  owe  their  origin  to 
running  water  and  not  to  glaciers  for  "a  great  ice  sheet  has 
necessarily  a  much  greater  tendency  than  running  water 
to  carve  valleys  along  directions  radiating  from  the  central 
region  or  axis  of  the  land,"  etc.  (p.  57).  Even  the  Norwe- 
gian channel,  though  perhaps  primarily  determined  by 
structure  was  fashioned  by  running  water  and  not  by 
glaciers,  which  were  "hardly  sufficiently  dependent  on  the 
tectonic  structure  of  the  underlying  ground  to  form  parallel 
valleys"  to  those  of  the  plateau  (p.  62).  Along  with  pre- 
vious writers  Nansen  considers  the  Norwegian  channel  as 
the  continuation  of  the  Baltic  river  draining  that  basin, 
which  originated  by  tectonic  dislocations,  in  some  remote 
period,  but  whose  present  outline  is  due  to  atmospheric 
erosion  (first  river,  then  glacial)  and  subsequent  partial 
filling  with  drift  (p,  63).  The  breadth  of  the  channel  does 
not  interfere  with  the  theory  endorsed. 
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The  Sognefjord  and  others  are  not  here  discussed,  but 
the  barriers  are  analysed  in  a  masterly  way,  so  as  to  leave 
no  other  conclusion  but  that  they  are  the  result  of  glacial 
filling  with  coast-wise  drift,  thus  agreeing  with  Hull  and 
others.  So  strong  a  case  does  he  make  out  that  those  who 
would  have  them  rock  basins  must  assume  the  burden  of 
the  proof  of  such  a  proposition. 

On  the  floor  of  the  North  sea  Nansen  finds  five  distinct 
terraces;  namely,  at  30-50,  66-80,  115-130,  155-217,  and  384- 
439  metres. 

Leaving  Norway  for  Faeroe  and  Iceland.*  which  are 
on  the  incised  ridge  extending  from  Scotland  to  Norway 
(Wyville-Thomson),  Nansen  finds  remains  of  the  continen- 
tal shelves  from  40  to  100  kilometres  broad,  with  the  pre- 
cipitous coast  descending  abruptly  to  50-80  metres  below 
sea  level  to  the  shelves,  the  greater  portions  of  which  lie  be- 
tween 100  and  170  metres.  Consequently  there  is'an  ab- 
sence of  the  coast  platform  and  its  skerries.  The  many 
fjords  incising  the  -shelf  are  less  barred  than  in  Normay 
and  are  known  to  a  depth  of  350  metres,  where  informa- 
tion ceases.  A  snb-oceanic  terrace  at  1105-1175  occurs 
north  of  Faeroe,  and  one  at  1177-1215  to  the  westward  and 
between  here  and  Rockall  bank  at  1134-1189.  (p.  y^).  On 
what, corresponds  to  the  continental  slope,  even  the  limited 
soundings  show  submarine  channels  to  more  than  500  me- 
tres. One  southeast  of  Iceland,  almost  with  a  canyon 
shape,  reaches  to  1174-1246  metres,  forming  an  incision  in 
the  floor  to  at  least  600  metres,  and  probably  to  800-1.000. 
A  little  beyond  appears  a  platform  at  640  metres.  The  ap- 
parently submarine  base  level  so  often  found  near  Norway 
at  400-500  metres  is  repeated  here.  Indeed,  the  Scotland- 
Greenland  ridge,  with  its  shelf  and  lower  base  level,  decid- 
edly resembles  a  mountainous  plateau,  denuded  by  atmos- 
pheric agents.  The  submarine  peneplain,  bounded  by  the 
500-isobath,  extends  with  two  narrow  interruptions  all  the 
way  between  the  two  continents  and  separates  the  Norwe- 
gian sea  from  the  Atlantic  basin.  It  is  however  incised  by 
a  channel  between  Scotland  and  Faeroe  reaching  to  1015- 
1088  metres  below  the  surface  of  the  sea.     It  opens  south- 
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ward  to  a  suboceanic  plain  submerged  to  1042-1326  metres. 
From  the  col  of  this  (Lightning)  channel  another  valley 
extends  northward  to  the  basin  of  the  Norwegian  sea,  sug- 
gesting a  lower  base  level  at  1262  metres.  Between 
Faeroe  and  Iceland  is  the  plateau  at  400-500  metres.  Be- 
tween Iceland  and  Greenland  the  ridge  and  plateau  is  not 
quite  so  deep,  but  it  is  cut  by  a  channel  of  958  metres  rap- 
idly descending  towards  the  north  to  1560  metres  far  within 
the  edge  of  the  Greenland-Iceland  continental  shelf,  (p.  84.) 

Off  the  west  coast  of  Greenland,  the  remains  of  a 
continental  shelf  dissected  by  fjords  is  a  pronounced  feature 
of  which  a  less  complete  study  has  been  made  in  America.* 
The  coast  platform  with  its  skerries  are  here  repeated,  but 
with  inferior  development  to  that  in  Norway. 

The  continental  shelves  and  submarine  valleys  of 
Europe  and  America  are  reviewed  with  full  credit  to  the 
previous  workers  on  the  subject.  In  fact,  the  agreement 
between  those  of  us^  who  have  done  any  considerable  work 
on  the  subject,  and  therefore  entitled  t<L  some  opinion, 
seems  to  be  complete  in  all  essentials;  but  along  with  his 
own  researches  Nansen  has  brought  the  whole  subject  to- 
gether, into  a  treatise  which  must  be  epoch-making. 

The  "coast  platform"  of  Dr.  Nansen,  which  is  that  por- 
tion of  the  shelf  bearing  the  skerries  or  low  islands,  has 
been  principally  formed  by  marine  denudation,  vigorously 
assisted  by  atmospheric  erosion,  as  subsidence  was  not 
always  necessary,  for  there  were  various  episodes  of  oscil- 
lations of  land  and  sea.  This  coast  platform  has  been  cut 
subsequently  to  the  excavation  of  the  fjords.  In  this  re- 
spect N'ansen  disagrees  entirely  with  Reusch,  Davis  and 
Vogt.  He  sees  no  reason  for  accepting  their  theory,  and 
says;  "On  the  contrary.  I  consider  it  impossible  that  a 
broad  and  very  gently  sloping  coast  platform  can  be 
formed  on  a  high  coast  which  is  not  deeply  dissected  by 
fjords.  If  in  general  a  broad  plain  of  marine  denudation 
actually  be  formed  on  smooth,  undissected  coasts,  which 
are  slowly  submerged,  as  assumed  by  Richthoven,  its  slope 

i  By     far    the     most    exlenBlve   contributions    have     b>!pn      mndB     by 
Pr..|-.    I0.iw.ir.l   Hull  ar.il  by  tliv  reviewer.  Rome  of  whlcli  only  have  been 
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nitist  at  any  rate,  become  much  steeper  than  that  of  the 
coast  platform."  Under  suoh  conditions,  'the  force  of  the 
waves  would  be  broken  long  before  they  reached  the  shore. 
There  would  be  little  opportunity  for  the  waste  formed  by 
marine  denudation,  as  well  as  the  waste  carried  by  rivers, 
to  be  washed  away  into  the  deeper  waters"  except  by  tidal 
and  wind  currents,  {p.  105)  which  would  heap  up  beaches 
that  would  further  protect  the  cliffs  from  marine  erosion. 
In  the  case  of  fjord-dissected  coasts,  the  marine  denuda- 
tion would  be  facilitated  by  the  deposition  of  the  waste 
in  the  deeper  channels,  so  that  the  unbroken  waves  could 
reach  the  cliffs.  However  the  last  glaciers  may  have  swept 
away  previous  accumulations  of  waste,  thus  re-opening  the 
channels.  So  also  atmosphere  erosion  is  more  effective  on 
a  deeply  di:>sected  coast  than  on  a  smooth  one.  The  coast 
platform  would  be  found  in  shallow  water  after  the  sub- 
mergence of  the  channeled  peneplain. 

While  continental  shelves  resemble  coast  platforms, 
they  are  more  complicated  and  of  greater  extent;  as  for 
instance  extending  from  the  Arctic  basin  to  Patagonia, 
with  their  depth  ranging  mostly  between  50  and  200 
metres. 

The  four  chief  methods  of  production  seem  to  be:  that 
they  are  submerged  coast  platforms;  submerged  pene- 
plains: constructed  by  sea  deposits;  and  built  up  by  glacial 
drift.  Dr.  Nansen  concludes  that  the  continental  shelves 
of  the  world  have  been  formed  partly  by  coastal  deposition 
of  terrigenous  waste,  and  partly  by  the  conjoint  action  of 
sub-aerial  erosion  (i.  e.  submerged  peneplains)  and  marine 
denudation:  and  in  seas  favorable  coral  growths  have  been 
important.  In  regions  of  rapid  coastal  sedimentation,  this 
method  of  formation  has  been  primary;  but  it  is  not  certain 
that  favorable  conditions  obtained  wherever  broad  banks 
occur,  as  those  off  Newfoundland  and  the  shelf  of  the 
English  channel.  In  such  cases  erosion  has  predominated 
in  the  formation.  The  Norwegian  and  Iceland  shelves 
have  been  cut  in  solid  rock  at  sea  levels  lower  than  now. 
"It  can  hardly  be  merely  an  accidental  coincidence  that 
the  shelves  have  nevertheless  levels  which  are  nearly  iden- 
tical with  those  of  other  continental  shelves,"  of  similar 
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origin.  The  shelves  partly  cut  by  erosion  and  partly  built 
up  by  waste  may  be  compared  with  raised  cut-ledges  and 
raised  beaches  and  terraces  built  up  by  waste,  (v.  p.  193). 
■  The  combined  sub-aerial  and  marine  denudation  have  had 
the  greatest  effects  during  periods  of  oscillations  of  the 
shore  lines.  During  elevation  the  streams  would  incise 
the  coastal  plains,  and  these  dissected  would  furnish  the 
most  favorable  conditions  for  marine  erosion.  By  such 
repetition  broad  shelves  would  be  formed,  and  most  coasts 
have  probably  undergone  many  oscillations.  "The  effect 
of  marine  denudation  can  never  become  great  on  smooth 
undissected  coasts;  dissected  coasts  will  be  cut  back  till 
they  become  smooth."  The  continental  shelves  of  the 
world  have  been  subjected  to  changes  of  level  simultan- 
eously with  and  after,  their  formation;  they  have  only  to 
a  very  small  extent  been  formed  after  the  time  when  the 
present  shore  line  was  attained  (p.  194). 

The  shelves  of  Iceland  and  the  Faeroe  islands  have 
been  built  up  in  Pliocene  and  Pleistocene  times,  and  Nan- 
sen  believes  "that  the  continental  shelves  of  other  regions 
are  to  a  great  extent  of  similar  age"  (p.  186).  He  con- 
cludes with  Hull,  that  those  of  the  Scotch  islands  belong 
to  a  similar  date,  and  he  cites  the  present  reviewer  as  show- 
ing that  the  age  of  the  valleys  dissecting  the  American 
continental  shelf  corresponds  to  that  of  Europe  (p.  187). 
The  canyons  and  channels  must  have  been  made  subse- 
quently to  the  shelves.  For  example,'  he  says  that  Fosse 
de  Cap  Breton"  is  perfectly  incompatible  with  the  assump- 
tion that  the  shelf  was  formed  after  the  last  submergence 
of  the  drowned  valleys,  if  we  assume  that  this  remarkable 
ravine  is  an  ancient  river  canyon,  other  than  which  I  (he) 
think  there  is  no  feasible  explanation"  (p.  190),  thus  strong- 
ly supporting  Hull  and  others  in  this  and  other  canyons 
off  the  coast  of  France,  He  sees  no  evidence  against  the 
existence  of  the  submarine  valleys  and  their  being  filled 
with  drift  and  leveled  over  with  wave  washes  during  os- 
cillations. 

"We  see  that  It  Is  difficult  to  find  conclusive  evidence  that 
the  continental  shelf  •  •  •  hag  been  elevated  Into  dry  land 
after  formation;   but  the  drowned  valleys     and     fjorda  at  many 
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places  make  tbis  blgbly  probable  and  at  some  places — e.  g.  tlie 
Fosse  de  Cap  BretoD,  the  Congo  Bubmarlne  canyon,  the  Bottomless 
pit — there  seems  no  other  feasible  explanation  to  be  tonnd.  Some 
drowned  valleys  on  the  American  side  of  the  Atlantic  seem  per- 
haps to  give  stlU  better  evidence  of  such  a  recent  elevation.  Even 
If  we  admit  that  the  long  submerged  channel  of  the  St.  Lawrence 
river  might  possibly,  although  not  probably,  have  been  reopened 
by  submarine  glacial  erosion,  *  *  *  It  seems  also  highly  Im- 
probable tbat  the  drowned  valleys  of  tbe  Newfoundland  bank,  tar 
from  land  have  been  reopened  by  submarine  glacial  erosion.  The 
drowned  valley  of  the  Hudson  river  cannot  possibly  have  been 
reopened  by  submarine  glacial  erosion.  It  is  too  long,  and  narrow, 
and  too  deep.  Its  narrow  and  well  defined  channel,  cut  In  the 
extremely  level  continental  shelf,  seems  to  prove  that  the  latter 
has  comparatively  recently  been  elevated  Into  dry  land.  Prof.  J. 
W.  Spencer  has  described  a  great  many  drowned  valleys  along  the 
coasts  of  the  West  Indies  and  the  United  States  south  of  the 
drowned  Hudson  valley.  Although  Spencer's  description  of  the 
drowned  valleys  may  often  be  based  on  too  few  and  scattered 
soundings,  to  be  absolutely  certain,  there  are  a  good  many  sub- 
marine  features  In  this  region  which  cannot  easily  be  otherwise 
explained,  and  which  indicate  vertical  oscillationB  of  great  ampli- 
tude, of  tbe  shore  line,  as  Prof.  Spencer  has  pointed  out  In  such 
an  ingenious  way.  According  to  his  Investigations  the  drowned 
valleys  of  the  continental  shelf,  as  well  as  the  valleys  of  the  coast, 
liave  been  filled  and  reopened  several  times  according  as  the  shelf 
was  submerged  or  elevated  Into  dry  land.  •  •  •  The  shelf  can- 
not have  been  covered  by  much  deposit  after  tbe  last  submergence. 
•  •  •  Tbns  ■  •  •  there  la  weighty  evidence  that  the 
drowned  valleys  have  been  sculptured  after  the  formation  of  the 
continental  shelves,  and  tbat  consequently' the  latter  have  been  dry 
land  after  formation,  *  *  *  if  at  some  places  ■  •  ■  also 
at  least  in  neighboring  regions ;  for  considering  tbat  the  continen- 
tal shelves  have  retained  practically  the  same  level  mutually,  the 
oscillations  of  level  cannot  have  been  due  to  quite  local  tectonic 
movements."  (pp.  191-192.) 

Of  the  stability  and  oscillations  of  the  shore  line.  Dr. 
Nansen  says  that  the  well  developed  continental  shelves  of 
the  arth  prove  that  the  general  level  of  the  hydrosphere 
must  have  remained  near  its  present  position  during  long 
recent  geological  periods.  This  is  illustrated  by  Sir  John 
Murray  showing  that  40  per  cent  of  the  continental  area  is 
situated  between  200  metres  above  and  below  the  present 
sea  level.  But  the  sea  level  has  not  remained  stationary, 
as  it  has  been  conclusively  proved  to  have  oscillated  be- 
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'  tween  the  outer  edge  of  the  continenta!  shelf  and  the  inner 
boundary  of  the  low  lands.  The  marine  sediments  on  the 
coastal  plains  prove  them  to  have  been  covered  by  the  sea. 
The  eroded  parts  of  the  continental  shelves  could  not  have 
been  developed  at  the  present  sea  level.  The  "submerged 
dissected  coasts  in  nearly  all  regions  of  the  world  indicate 
also  a  universal  comparatively  modern  transgression  of 
the  ocean,  for  it  seems  highly  improbable  that  nearly  all 
the  coasts  could  have  been  simultaneously  depressed  by 
tectonic  movements."  The  coral  reefs  indicate  a  univer- 
sally late  rise  of  sea  level,  while  the  elevated  reefs  indicate 
a  pause  in  the  vertical  movements.  The  drowned  valleys 
and  fjords  of  the  continental  shelves  and  sub-oceanic 
continental  slopes,  *  *  *  as  of  Norway.  Fosse 
Cap  Breton,  Congo,  St.  Lawrence,  Hudson,  etc.,  prove  that 
there  have  been  much  greater  oscillations  of  shore  line; 
and  this  is  confirmed  by  the  suboceanic  platforms  and  ter- 
races, as  the  Blake  plateau,  one  southwest  of  Faeroes  (at 
1200-1300  metres  below  the  surface  (p.  197),  and  deeper 
ones  may  be  added  by  the  reviewer. 

"What  are  the  possible  causes  of  these  oscillations  of 
the  shore  line?  Are  they  due  to  movements  of  the  litho- 
sphere  or  to  possible  oscillations  of  the  hydrosphere  or 
perhaps  to  l>oth?"  According  to  J.  W.  Spencer's  interest- 
ing investigations  of  the  drowned  valleys  of  the  Antillean 
region  there  have  been  a  great  many  oscillations  of  the 
shore  line  during  late  geological  periods.  He  believes  that 
these  oscillations  have  been  due  to  epeirogenic  movements, 
and  assumes  that  in  neighboring  regions  (it  should  be 
pretty  distant  one)  "they  have  frequently  not  been  simul- 
taneous." He  further  says  that  this  does  not  harmonize 
with  the  remarkable  uniformity  of  levels  of  the  shelves,  (p. 
198).  "The  greater  part  of  the  shelf  must,  according  to 
Spencer's  own  description  have  been  formed  (as  a  coastal 
plain)  prior  to  the  formation  or  at  least  prior  to  the  re- 
opening of  the  drowned  valleys."  Nansen  thinks  it  "im- 
possible that  the  vertical  oscillations  of  the  shore  line  can 
have  been  due  to  more  or  less  local  tectonic  movements, 
a  fact  which  has  hitherto  hardly  been  sufficiently  appre- 
ciated."    The  reviewer  wishes  here  to  state  that  at  the 
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time  when  he  made  the  studies  just  referred  to  by  Nansen, 
he  was  the  pioneer  in  searching  into  these  deep  drowned 
valleys,  without  the  suggestive  assistance  of  Prof.  Hull  and 
Dr.  Nansen,  and  the  whole  problem  was  too  great  for  one 
worker.  So  when  he  comes  to  revise  his  earlier  studies, 
they  will  have  the  great  advantage  of  the  new  light  now 
thrown  on  the  question,  and  doubtless  there  will  be  close 
agreement  in  our  views,  when  dealing  with  the  same 
phenomena,  for  in  such  discordance  as  referred  to  he 
thinks  "that  there  may  be  other  explanations,  and  he  does 
not  consider  it  necessary  to  assume  that  the  continental 
shelf  has  undergone  the  same  changes  of  level  along  its 
whole  length — even  though  at  some  places  it  may  have 
been  elevated  more  than  1,000  metres  and  again  low- 
ered to  its  original  position"  (p,  199)-  The  "facts  indicate 
that  on  oni;  hand  there  has  been  during  very  long  periods 
a  certain  stability  of  sea  level,"  but  at  the  same  time  "great 
oscillations  above  and  below  sea  level  *  *  *  have  oc- 
curred at  different  periods."  Also  "a  late  and  more  uni- 
versal rise  of  sea  level  of  perhaps  100  metres  or  more  ac- 
companied by  perhaps  several  oscillations  of  the  same 
kind."  A  crust  floating  on  the  underlying  magma  he 
compares  with  an  unequally  loaded  ice-floe  subjected  to 
changing  "ice-pressures."  The  thermal  contraction  and 
expansion  of  the  rocks,  are  discussed  at  some  length  as  to 
their  bearing  on  the  changes  of  level,  and  it  is  perhaps  the 
most  suggestive  consideration,  although  the  transposition 
of  the  land-waste  to  the  sea,  accumulation  of  glaciers  and 
their  melting,  etc.,  are  considered.  There  seems  no  satis- 
factory explanation  of  the  cause  of  the  great  changes  of 
level  of  the  land  and  sea,  but  after  each  disturbance  there 
is  a  tendency  to  return  to  equiHbrium,  "probably  determined 
by  the  buoyancy  of  the  crust  floating  on  a  liquid  magma" 
(p.  213).  "A  theory  which  would  explain  the  above  facts 
must  recognize  the  tendency,  whether  the  disturbances 
be  due  to  the  lithosphere  or  hydrosphere"  (p.  200), 
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PROF.  SHIMEK'S  CRITICISM  OF  THE  AQUEOUS  ORIGIN 
OF  LOESS. 
By  a.  FaBDaHim  Whisht.  Oberlin,  Ohio- 
Ill  criticising  the  papers  of  Miss  Owen  and  myself  in 
the  American  Geologist  for  April,  1904,  defending  the 
aqueous  origin  of  the  loess  in  the  Missouri  valley.  Prof. 
Shtmek  makes  several  statements  which  are  likely  to  be 
misleading,  unless  our  own  position  is  more  clearly  stated. 
At  the  outset  it  should  be  said  in  general  that  we  are  not 
maintaining  the  entire  absence  of  eolian  agency  in  distrib- 
uting the  loess.  We  may  be  allowed  to  appeal  to  the 
agency  of  wind  to  account  for  various  abnormal  deposits 
which  could  not  be  accounted  for  on  the  aqueous  theory. 
Our  only  contention  is,  that  the  main  deposits  bear  unmis- 
takable evidence  of  water  deposition. 

The  most  important  points  in  our  statement  of  the  case 
which  Prof.  Shimek  challenges  are: 

I.  "That  the  bluffs  of  loess  on  the  west  side  of  the 
Missouri  river  are  scarcely,  if  any,  less  than  those  upon  the 
east  side."  This  statement  Prof.  Shimek  challenges,  affirm- 
ing that,  "as  a  rule,  they  are  higher,  more  abrupt,  and  with 
thicker  loess  deposits  on  the  east  side,  and  the  same  is  true 
of  the  Mississippi."  Probably  Prof.  Shimek  is  correct  in 
this.  I  spoke  only  from  a  general  impression,  which  is 
certainly  correct,  that  the  loess  bluffs  upon  the  west  side  of 
the  Missouri  river  at  Omaha,  Plattsmouth,  Nebraska  City, 
Leavenworth,  and  Kansas  City  are  very  extensive,  and  that 
is  sufficient  for  my  argument  in  the  case.  The  prevailing 
winds  in  that  region  are  westerly  in  the  ratio  of  about  three 
to  one.  If  this  loess  had  been  blown  up  from  the  flood- 
plain  of  the  Missouri  by  winds,  the  deposits  upon  the  east 
side  should  be  three  times  those  upon  the  west,  which  no 
one  would  contend  is  the  case. 

Prof.  Shimek  resorts  to  local  "topographic  features," 
"meanderings  in  the  river  valley,"  and  "inequalities  in  forest 
and  plant  distribution  during  the  deposition  of  the  loess," 
to  account  for  the  instances  where  the  depositions  on  the 
west  side  are  greater  than  those  on  the  east.  But  such  local 
conditions  can  be  much  more  readily  appealed  to  in  explan- 
ation of  the  larger  accumulations  upon  the  eastern  side. 
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It  should  be  observed  that  the  principal  loess  accumula- 
tions are  clearly  connected  with  the  closing  stages  of  the 
lowan  glacial  epoch.  The  loess-covered  area  of  southern 
Iowa  begins  very  abruptly  south  of  the  terminal  moraine  of 
the  lowan  epoch.  While  that  area  is  completely  enveloped 
in  loess,  it  is  almost  entirely  absent  over  the  area  of  the 
northern  part  of  the  State  which  was  covered  with  lowan 
ice.  This  points  with  unerring  accuracy  to  the  flobds  of 
the  closing  stages  of  this  period  as  the  principal  source  of 
the  material  thus  deposited.  A  little  study  of  the  map  will 
show  that  during  those  floods  a  large  number  of  tributaries 
coming  into  the  Missouri  river  upon  its  eastern  side  would 
contribute  an  abnormal  amount  of  material  to  that  side  of 
the  river.  There  are  half  a  dozen  such  streams  coming  into 
this  area  above  Council  Bluffs,  while,  below,  the  Nishna- 
botany,  the  Tarkio,  the  Nodaway  drain  a  large  basin  in 
southern  Iowa,  coming  into  the  Missouri  a  short  way  above 
St.  Joseph,  where  the  loess  accumulations  are  more  pro- 
nounced than  anywhere  else,  while  the  Platte  river,  drain- 
ing a  still  larger  area  in  southern  Iowa  though  reaching  the 
Missouri  in  the  vicinity  of  Kansas  City,  passes  within 
five  miles  of  St.  Joseph,  and  is  there  connected  with  the 
Missouri  by  a  low  pass,  which  would  be  submerged  in  the 
more  moderate  of  the  glacial  floods.  The  influence  of  these 
contributors  of  sediment  of  the  lowan  glacier  will  fully 
account  for  the  excess  of  loess  upon  the  east  side  of  the 
river  and  for  its  special  occurrence  along  the  valleys  of 
these  streams  themselves.  Many  other  streams  similarly 
related  to  the  lowan  field  cross  the  loess-covered  area 
farther  eastward  towards  the  Mississippi  river. 

2.  Prof.  Shimek  represents  my  description  of  exten- 
sive level-topped  terraces  in  the  loess-covered  area  as  con- 
veying "an  exaggerated  idea  of  the  extent  and  frequency 
of  such  terraces."  In  reply  it  is  only  necessary  to  say  that 
the  argument  is  not  dependent  altogether  upon  the  extent 
and  frequency  of  such  terraces.  More  special  attention  to 
one  instance  adduced  wil]  be  sufficient  here. 

The  fort  at  Leavenworth  is  situated  upon  a  partially 
dissected  terrace  on  the  west  side  of  the  Missouri  river, 
whose  general  level  is  about  150  feet  above  the  river.     This 
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•  general  level,  which  has  all  the  appearance  of  a  terrace,  is- 
covered  with  loess,  and  extends,  upon  an  average,  for  about ' 
a  mile  back  from  the  river,  where  it  is  bordered  by  an  ab- 
rupt ridge,  rising  about  20c  feet  higher.  The  terrace  con- 
tinues southward  through  Leavenworth,  and  is  distinguish- 
able at  Lansing,  a  distance  of  several  miles,  while  on  the 
other  side  of  the  ridge  from  the  fort  the  same  level  con- 
tinues for  an  indefinite  distance  northward.  An  examin- 
ation of  this  one  instance  is  sufficient  to  convince  the  ob- 
server that  wind  alone  would  be  inadequate  to  produce  the 
results.  It  is  just  such  a  result  as  is  continually  being  pro- 
duced by  flooded  streams.  Other  instances  can  be  adduced 
almost  without  number.  Such  a  well-defined  terrace  as 
this  exists  within  the  limits  of  Omaha  itself  at  a  hight  of 
100  to  150  feet. 

3.  The  question  concerning  the  prevalence  of  land 
snails  in  the  loess  and  the  absence  of  distinct  water  species 
is  answved  by  observations  recently  made  by  Miss  Owen 
on  the  fossils  of  the  loess  at  St.  Joseph  soon  to  be  published. 
If  I  am  not  mistaken  distinct  water  species  are  not  often 
found  upon  the  flood-plains  of  streams,  where  the  water 
remains  for  only  a  short  time. 

4.  In  "stripping  of  its  verbiage"  my  account  of  the 
glacial  boulders  found  at  Tuscumbia,  sixty  miles  above  the 
mouth  of  the  Osage  river,  Prof.  Shimek  has  stripped  it  of 
its  principal  significance.  He  adduces  the  case  of  a  small 
boulder  found  at  Eureka,  Kan.,  75  miles  southwest  of  the 
extreme  limit  of  glaciation  in  the  valley  of  the  Arkansas 
river  as  comparable  in  significance  to  the  clusters  of  bould- 
ers weighing  several  tons  which  were  found  in  the  trough 
of  the  Osage  river.  But  there  is  really  no  comparison  be- 
tween the  facts.  The  Eureka  pebble  may  in  some  way 
have  come  down  the  Arkansas  valley  from  the  Rocky 
mountains,  or  it  may  have  been  carried  some  distance  by 
the  hands  of  man,  for  it  only  weighed  360  pounds.  But  the 
Osage  river  boulders  (one  of  which  would  weigh  three  or 
four  tons)  tell  a  very  different  story,  as  any  one  who  reads 
my  description,  giving  due  weight  to  the  "verbiage,"  may 
easily  see, 

5.  In   connection    with    the   same   criticism   and   one 
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which  follows  relating  to  the  inadequacy  of  the  floods  I  had 
supposed  to  account  for  the  highest  deposits  of  loess  it  is 
important  to  call  renewed  attention  to  a  point  explicitly- 
made,  that  the  supposed  adequateness  of  the  flood  to  ac- 
count for  the  phenomena  was  dependent  upon  the  suppo- 
sition of  a  differential  depression  of  the  land  to  the  north. 
This  is  necessary  to  secure  the  gradient  supposed  for  the 
production  of  the  »low  rate  of  the  current  which  passed 
through  the  narrow  place  of  the  Missouri  trough.  This 
differential  depression  towards  the  north  is  in  analogy  with 
all  the  positive  facts  that  are  known  upon  the  subject,  and 
is  therefore  lawfully  made,  and  it  provides  that  balancing 
of  forces  which  we  need  to  account  for  all  the  phenomena. 
The  current  was  slow,  not  over  three  miles  an  hour.  Such 
a  current  was  not  sufficient  to  lift  sand  up  to  the  higher 
levels  of  overflow,  where  lakelike  conditions  existed  on 
either  side  of  the  central  flow  of  water.  This  accounts  for 
the  fineness  of  all  that  upland  deposit,  and  indeed  for  the 
deposit  itself.  On  Prof.  Shimek's  theory  the  rapid  current, 
of  his  flood  would  have  carried  the  loess  all  down  the  river, 
and  left  nothing  for  the  wind  to  get  at.  The  sandbars  of 
the  Missouri  are  not  covered  with  loess  after  floods. 

6.  Since  publishing  my  last  paper,  I  have  extended 
my  observations  down  the  Mississippi  river  on  both  sides 
to  as  far  as  Vicksburg;  and,  while  not  ready  at  present, 
fully  to  publish  my  conclusions,  I  may  say  that  it  seems 
to  me  we  shall  be  compelled  to  suppose  that  the  epeirogenic 
downward  movement  affected  to  a  considerable  extent  the 
whole  valley  of  the  Mississippi,  this  being  necessary  to  ac- 
count for  the  deep  loess  deposits  covering  Crowley's  Ridge 
on  the  west  side,  and  marking  the  border  of  the  Yazoo 
delta,  often  fifty  or  sixty  miles  east  of  the  Mississippi  river, 
extending  from  Memphis  to  Vicksburg.  In  floods  at  the 
present  time  the  Mississippi  spreads  over  this  delta,  form- 
ing a  slowly  moving  temporary  lake  seventy  miles  wide,. 
With  larger  floods  and  more  abundant  supply  of  loess,  the 
Mississippi  would  be  now  rapidly  building  up  a  loess  ter- 
race over  that  region  in  which  there  would  be  no  inter- 
mixture of  sand,  and  over  which  the  water  would  not  re- 
main long  enough  to  support  the  distinctively  water  species 
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of  mollusks.  Moreover,  there  would  be  ample  time  for  the 
annual  growth  of  vegetation  which  would  prevent  the  wind 
from  seriously  modifying  the  deposit.  The  analogy  be- 
tween such  conditions  and  those  which  must  have  pre- 
vailed in  the  vicinity  of  Carrollton,  situated  on  the  margin 
of  the  loess  east  of  the  Yazoo  delta,  was  very  striking  and 
suggestive. 


CHEMISTRY   OF  CALIFORNIA    PETROLEUM." 
Paul  W.  PBOTiaAn. 

The  chemistry  of  the  petroleums  produced  in  Cali- 
iornia  is  involved  in  considerable  obscurity.  Investiga- 
tions of  this  character  are  so  difficult  and  tedious,  and  the 
rewards  so  doubtful,  in  a  practical  way,  that  very  little  re- 
search along  these  lines  has  been  attempted,  and  it  is  prob- 
able that  no  single  sample  of  Pacific  coast  petroleum  has 
ever  been  resolved  into  its  proximate  constituents.  But 
though  detailed  information  is  lacking,  some  facts  of  a 
general  nature  may  be  brought  forward,  and  these  points, 
scattering  as  they  may  be,  will  yet  throw  some  light  on 
the  ultimate  nature  of  the  oils  with  which  we  have  to  deal. 

Hydrocarbcms. — It  is  very  evident,  from  a  good  many 
considerations,  that  the  hydrocarbons  making  up  the  body 
■of  California  petroleum  are  radically  different  from  those 
of  the  oils  of  the  eastern  states.  The  low  flash  point  and 
boiling  point  in  relation  to  the  specific  gravity,  the  prac- 
tical or  entire  absence  of  solid  paraffins,  the  presence  of 
asphalt  in  most  of  our  oils,  and  its  ready  formation  on  heat- 
ing oils  from  which  it  has  been  removed,  or  in  which  it  was 
originally  absent,  the  rapid  fall  in  viscosity  of  the  heavier 
oils  with  rising  temperature,  and  the  strong  tendency  of 
most  of  our  oils  to  oxidation,  all  point  to  the  probability 
that  the  composition  of  our  oil  is  quite  distinct  from  that 
of  Eastern  petroleum. 

The  petroleum  of  the  eastern  states  is  known  to  consist 

almost  entirely  of  paraffins  in  the  lighter  members,  and  of 

•  Prom  Bulletin  No.  82,  of  th«  Calltornlft  State  Wnlnc  Bureau,  Huvh 
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paraffins  and  olefins  in  the  heavier  portions.  The  petro- 
leums of  the  Caucasus  are  stated  to  consist  principally  o£ 
the  naphthene  group,  while  some  German  petroleums  are 
stated  to  contain  notable  proportions  of  hydrocarbons  of 
the  benzine  series.  Various  observerst  have  found  in  Cali- 
fornia petroleum  all  of  these  constituents,  and  as  a  discus- 
sion of  this  very  abstract  question  would  be  out  of  place 
here,  reference  is  given  to  the  original  papers  for  justifica- 
tion of  the  statement  that  most  California  petroleums,  or 
rather  their  distillation  products,  contain  hydrocarbons  of 
all  the  following  series:  paraffins,  olefins,  probably  acety- 
lenes and  other  highly  unsaturated  compounds,  naphthenes 
(cycloparaffins),  and  aromatic  (benzene)  compounds. 

A  very  few  of  the  local  oils  give  a  light  distillate  which 
.appears,  from  its  specific  gravity  and  other  physical  proper- 
ties, to  consist  largely  of  paraffins,  but  the  major  part  of 
our  oils  give  a  light  distillate  which  is  much  heavier  than  a 
mixture  of  paraffins  of  corresponding  boiling  point  could 
be.  By  acting  on  these  gasolines  and  kerosenes,  the  ole- 
fins may  be  removed,  and  as  sulphuric  acid  used  in  exdess 
absorbs  but  a  very  small  proportion,  it  may  be  assumed 
that  the  olefins  are  not  present  in  large  quantity.  After 
rigorous  treatment  with  sulphuric  acid,  a  varying  but  large 
proportion  of  the  oil  is  acted  on  by  nitric  acid,  forming  a 
stable  nitro-compound,  and  leaving  a  residue  which  can  not 
be  further  affected.  This  residue  is  very  much  lighter  than 
the  original  oil,  and  from  its  resistance  to  all  reagents  prob- 
ably consists  of  pure  paraffins.  The  portion  removed  by 
nitric  acid  may  be  either  benzenes  or  naphthenes.  or  both. 
It  is  probable  that  the  latter  is  the  case,  though  the  per- 
centage of  benzenes  must  usually  be  quite  small,  as  the 
gravity  of  benzene  proper  (C*H*)  is  about  28°  Be.,  and 
the  boiling  point  80",  while  the  gravity  of  local  petroleum, 
distillate  boiling  at  this  temperature  is  well  above  70°  Be. 

iConault— 

A.  S.  Cooper.    Hlnliw  and  BcleuUflo  Press.  Si-m;  Bulletin  U,  State  Uln- 

iQg  Bureau. 
Felix   Lengfeld   and    Edmund   O'Neill.     Amer.  Chem.  Jour..  IB-W. 
Charles  F.    Mabery.      Am.     Chem,  Jour.,   19-796;  Am.  Chem,   Jour,,  25- 

2GS;    Jour.    Boc.    Chem.    Ind..   U-KB. 
8.  F.  Peckham.     Am.  Jour.  Sotence.,  3-19-260;   Science,  2a-Tt. 
Clinton    KIchardBon.       Jour.      Boo.   Chem.   Ind„   19-128. 
Frederick  Balathe.    13th  Report  of  the  State  MlneraloKlat. 
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It  is  apparent  that  if  the  distillate  consisted  of  benzene  and 
paraffins  alone,  the  gravity  of  benzene  being  0.8S5,  and  of 
a  mixture  of  hexane  and  heptane,  boiling  at  80°,  being  0.766, 
the  greatest  possible  proportion  of  benzene  in  a  mixture  of 
0.700  (70°)  gravity  would  be  16%. 

There  is  no  reason  for  supposing  that  the  small  pro- 
portion (if  any)  of  aromatic  compounds  in  California  petro- 
leum will  ever  repay  the  cost  of  separation,  particularly 
as  these  substances  are  now  very  low  in  price,  and  readily 
obtainable  otherwise.  But  the  presence  of  the  naphthenes 
very  seriously  affects  the  quality  of  some  of  the  products 
of  our  petroleum,  notably  the  kerosenes. 

It  has  been  pretty  well  proven  by  experience  that  a 
kerosene,  to  be  rated  first  quality,  must  consist  practically 
of  paraffins,  as  these  bodies  are  the  most  stable  of  the 
hydrocarbons,  and  contain  the  largest  proportion  of  hydro- 
gen. It  is  necessary  that  the  hydrocarbons  should  be 
stable,  that  is,  not  subject  to  oxidation  or  to  spontaneous 
decomposition,  as  otherwise  the  kerosene  will,  on  standing, 
lose  its  white  color,  acquire  a  foul  odor,  and  be  otherwise 
deteriorated.  Also,  the  higher  the  percentage  of  hydrogen 
in  the  kerosene,  the  smaller  will  be  the  proportion  of  air  re- 
quired for  complete  combustion,  and  the  less  the  tendency 
to  smoking  when  burned.  The  olefins,  which  come  next  to 
the  paraffins,  contain  more  carbon  and  less  hydrogen,  and 
are  more  unstable.  Consequently,  kerosene  like  the  oils 
produced  by  cracking  paraffin  petroleums,  which  consist 
largely  of  clefins,  is  of  distinctly  inferior  quality.  The 
naphthenes  contain  a  still  larger  percentage  of  carbon  and 
a  smaller  percentage  of  hydrogen  than  the  olefins,  but  are 
more  stabk',  consequently  a  kerosene  constituted  (like  that 
produced  locally)  largely  of  these  bodies,  will  have  more 
tendency  to  burn  with  a  yellow  or  smoky  flame  than  either 
of  the  foregoing,  but  will  be  somewhat  more  stable,  when 
purified,  than  a  kerosene  produced  by  cracking. 

The  cracking  of  paraffins  produces  lighter  paraffins 
and  olefins,  the  cracking  of  olefins  produces  olefins  and  also 
acetylenes  or  other  highly  unsaturated  and  very  unstable 
bodies,  while  neither  the  naphthenes  nor  the  benzenes  are 
susceptible  to  cracking,  under  ordinary  conditions.  For  this 
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■reason,  the  attempt  to  improve  matters  with  our  oils  by 
cracking  has  merely  exaggerated  the  evil,  destroying  the 
best  instead  of  the  worst  elements  of  the  oil,  and  producing 
large  quantities  of  very  unstable  bodies  which  have  to  be 
completely  removed  by  the  chemical  treatment.  It  seems 
altogether  probable  that  the  bad  qualities  found  in  Cali- 
fornia kerosene  are  inherent  in  the  nature  of  the  oil,  and 
can  not  be  removed  by  any  possible  treatment  or  manipu- 
lation. 


ON    THE     TOOTH-STRUCTURE     OF     MESOHIPPU8     WE8T0NI 

(COPE).* 

B]'  Lawbikci  H.  LiHBi.  F.  O.  S.,  F.  R.  S.  C. 

VtHtbratt  Palatantahgiit  io  tht  GaohgUat  Sutvey  of  Canada^ 

Pl^TB  xlv. 

Mtsohippus    wtsioni    was  first  described  by  professor 

E.  D.  Cope  in  the  American  Naturalist,  1889,  p.  153  (  Anchi- 
therium  westoni  +)  from  a  right  upper  molar  and  two  right 
lower  molars  collected  by  Mr.  T,  C.  Weston,  from  the  Olig- 

■ocene  deposits  of  the  Cypress  hills,  Assiniboia,  Canada,  in 
1884,  The  exact  locality  where  these  fossil  remains  were 
discovered  is  near  the  eastern  end  of  the  Cypress  hills  in 
Bone  coulee  at  the  head  waters  of  Swift  Current  creek. 
Cope's  description  appeared  later,  in  the  same  words,  in  his 
final  memoir,!  on  the  Geological  Survey  collections  from 
the  Cypress  hills,  published  in  1891,     In  1904  professor  H, 

F.  Osborn  in  his  paper  on  "New  Oligocene  Horses"*  fur- 
ther characterized  the  species  from  a  personal  examination 
•of  the  type  material.  Last  summer  the  writer  obtained,  at 
the  type  locality,  an  additional  upper  molar  that  increases 
■our  knowledge  of  the  tooth  structure  of  this  interesting  and 
very  primitive  species. 

The  upper  molar  described  by  Cope  is  imperfect,  the 
outer  slope  of  the  ectoloph  is  missing  and  the  anterior  bor- 

•  Communicated  by  permlsalon  o*  the   Acting   Director   of   the    Qeo- 
loglcal   Survey   of  Canada. 

t  See    also    American     Naturalist,  1886.  p.  165.      Ani-kiihrrluiti     id.     inJ/i. 

t  Geological     Survey    Of     Canada,  Cnntrthntinp 
ontology,    vol.    IIC.    (quarto),   part   l,  1 

pi.    xlv.    tlKB.    I.    3.    iB. 

;  Bulletin  of  the  Ajnerlcan  MuMum  of    Natural    History, 
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der  of  the  crown  including  the  greater  part  of  the  proto- 
loph  is  very  much  damaged. 

The  crown  of  the  molar  obtained  last  summer  is  prac- 
tically perfect  and  has  been  subjected  to  little  wear  during 
the  life  of  the  animal.  It  is  probably  the  second  molar 
and  is  shown  in  the  accompanying  figures.  This  tooth  is 
brachyodont,  with  well-developed  low  cross  crests  (proto- 
loph  and  metaloph).  The  crown,  seen  from  below,  is  subob- 
long  in  outline,  transversely  broader  in  front  than  behind, 
and  relatively  narrow  in  an  an tero— posterior  direction. 
The  outer  border  (ectoloph)  rises  higher  than  the  cross 
crests.  The  latter  are  unequal  in  length,  the  protoloph  be- 
ing longer,  and  better  developed,  than  the  metaloph.  The 
intermediate  cusps  (protoconule  and  inetaconule)  are  both 
well-defined  although  the  protoconule  is  larger  than  the 
metaconule  and  more  distinctly  separated  from  the  proto- 
cone  than  is  the  metaconule  from  the  hypocone.  The  pro- 
tocone  is  slightly  larger  at  its  base  than  the  hypocone,  but 
both  have  about  the  same  hight.  There  is  no  hypostyle. 
The  parastj  Ic  is  large  and  adds  considerably  to  the  crown's 
anterior  trai-sverse  diameter.  The  mesostyle  and  meta- 
style  are  distinct,  and  the  ribs  are  distinguishable,  the  an- 
terior one  being  the  better  defined  of  the  two.  The  cingu- 
Inm  is  well-developed  and  passes  from  the  metastyle  entire- 
ly round  the  inner  side  of  the  crown  to  the  parastyle  with- 
out interruption  except  for  a  short  distance  on  the  front 
inner  slope  of  the  protocone;  it  connects  in  front  with  the 
parastyle  with  which  the  outer  end  of  the  protoloph  shows 
a  marked  tendency  to  unite.  Outwardly  the  cingulum  rises 
on  to  the  parastyle  but  does  not  cross  it ;  it  also  merges 
with  the  mesostyle  and  metastyle. 

M.  westoni  approaches  closely  in  tooth -structure  to 
M.  latidens*  Douglass  (Oligocene  of  Montana)  from  which 
its  upper  molars  are  distinguished  principally  by  the  pres- 
ence of  the  internal  cingulum,  by  the  less  pronounced  para- 
style and  a  proportionately  greater  antero-posterior  diame- 
ter with  the  protoloph  more  nearly  equal  in  length  to  the 
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nietaloph,  as  well  as  by  other  characters.  M.  eeter  t  Marsh 
and  M.  montanemisX  Osborn  are  two  other  nearly  related 
but  distinct  species  from  the  Lower  Oligocene.  The  pres- 
ence of  the  internal  cingulum  is  the  most  interesting  char- 
acter in  the  dentition  of  M.  Wfsioni.  This  character  to- 
gether with  the  absence  of  3  hypostyle  points  to  this  species 
being  probably  the  most  primitive  of  the  known  horses  of 
Oligocene  age. 

No  teeth  from  the  lower  jaw  were  obtained  during  the 
expedition  of  last  summer.  Figures  of  the  two  lower 
molars,  discovered  in  1884,  are  given  in  Cope's  memoir  of 

1891. 

MeasaroKnts  of    Upper  Molar  obtained  in   1904. 

Transverse   diameter    013 

Anteroposterior    diameter    0102 

Hlght  of  protocoae   0046 

Htght  of  hypocone   0045 

Hlght.  of  cctoloph    0062 

Explanation  of   Sgnres. 
Figure  I.    Interior  view  of  crown  of  upper  molar  of    Mesobippas 

westoni. 
Figure  2.    Exterior  aspect  ol  the  same. 
Figure  3.    Tlie  same  viewed  from  within. 
Figure  4.    AnLerlor  view  of  the  same. 

Ail  the  flguree  are  twice  the  natural  size.:  pa.  paracone;  me 
metacone;  pr.  protocoae;  hj.  bypocone;  p/,  protoconule;  ml.  meta- 
conule;  ps.  parastyle;  ma.   mesostyle;  mts.   metaetyle. 


EDITORIAL  COMMENT. 


Summer  Courses  in  Field  Geology. 
The  joint  announcement  of  summer  field  courses  in 
geology  from  which  some  extracts  are  given  on  another 
page,  presents  the  opportunity  for  the  field  study  of  geo- 
logy under  experienced  instructors  in  various  parts  of  the 
country  for  the  coming  season,  in  the  form  most  convenient  . 
for  the  ipspwelipH  of  teachers  and  students  at  other  institu-  ftrOd 
tions  than  those  which  offer  the  courses.     Courses  given 

t  AwuticoH     Jautnal    of    S'una.    (3),   vol.  vll,  187).  Notice  ot  new  equine 
imunmala  from  the  Tertiary  formaUon,  p.  SSI. 
t  UM,   Op.   dt. 
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at  the  various  summer  schools,  in  which  instruction  is 
largely  given  by  indoor  lectures  and  exercises,  are  not  in- 
cluded. 

A  cooperative  statement  of  this  kind  is  in  the  interest 
of  harmonious  competition  and  of  good  fellowship  on  the 
part  of  the  contributing  institutions;  and  it  is  particularly 
in  the  interest  of  teachers  and  students  all  over  the  coun- 
try to  have  the  varied  opportunities  for  field  study  thus 
conveniently  set  forth  for  their  selection. 

In  order  to  encourage  the  taking  of  field  courses  in  this 
field  science,  twenty-five  well  known  colleges  and  universi- 
ties authorize  the  announcement  that  they  will,  urider  cer- 
tain conditions,  give  credit  to  any  of  their  students  who 
take  summer  courses,  even  at  other  institutions.  This  is 
a  broad-minded  development  ■of  the  inter-university  spirit. 
It  is  probable  that  many  colleges  not  in  this  list  will  make 
the  same  liberal  arrangement  with  any  of  their  students 
who  wish  to  utilize  the  summer  vacation  for  geological 
study. 

It  has  been  suggested  that  the  Intercollegiate  Appa- 
lachian Course  for  the  coming  summer  be  replaced  by  an 
Intercollegiate  Mississippi  Vall.ey  course  in  the  summer  of 
1906.  It  has  been  further  suggested  that  a  summer  field 
meeting  of  "Section  E"  {geology  and  geography)  of  the 
American  Association  for  the  Advancement  of  Science  be 
held  at  Syracuse,  N.  Y.,  in  the  latter  part  of  the  week  that 
the  Appalachian  course  opens  in  that  interesting  district. 

The  Sectional  Committee  has  the.  plan  in  discussion, 
with  authority  from  the  General  Committee  to  hold  sum- 
mer meetings  when  and  where  it  wishes. 

Since  the  change  cf  the  Association  meetings  from  sum- 
mer to  winter.  Section  E.  had  lost  the  benefit  and  pleasure 
of  the  field  excursions  that  always  used  to  be  planned  in 
connection  with  its  sessions,  and  an  experiment  in  the  way 
of  a  return  to  the  wholesome  habit  of  field  meetings  seems 
well  worth  while.      ' 

With  Reoard  To  Poktagk  CRtNoios, 

In  a  recent  contribution  to  the  American  Museum  of 
Natural  History  bulletin,  professor  Whitfield  has  pointed 
out  that  the    Cyalhocrinus    ornafissimus    Hall,  which  in  gold 
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decorates  the  cover  of  the  classical  report  on  the  Fourth 
Geotogical  District  of  New  York,  is  not  what  I  regarded  it 
to  be  in  my  memoir  on  the  Naples  Fauna.  Trusting  to 
the  statement  which  had  been  made  to  me  by  professor 
Hall  that  the  drawing  referred  to  was  raf!aelesque  and 
based  on  various  specimens  which  had  passed  into  the  pos- 
session of  Williams  College,  I  proceeded  to  describe  and 
figure  as  the  probable  type  of  that  species  a  specimen  found 
in  the  AVilliams  College  collections  bearing  a  label  in  pro- 
fessor Hall's  writing.  Professor  Whitfield's  contention  is 
that  the  original  drawing  was  essentially  true  to  nature  and 
that  the  type  specimen  is  in  his  collection  in  New  York 
city;  consequently  that  the  species  which  I  figured  as  this 
is  something  quite  different  (I  had  termed  it  Scyialocrinus 
ernatissimus)  and  identical  with  a  new  species  which  he 
has  termed,  as  type  of  a  new  genus,  MarasnUrinus  port- 
landicus.  I  am  disposed  to  believe  that  professor  Whitfield 
is  altogether  correct  in  his  view  of  these  species  values.  It 
was  a  strange  bit  of  my  collecting  experience  that  no  trace 
of  Cyathocrinus  or  Cosmocrinus  omatisiimus  was  ever 
found  by  me  in  the  Portage  rocks  of  lake  Erie  while  the 
other  species  was.  \V'ith  professor  Hall's  statement  in  my 
mind  I  naturally  turned  to  the  Williams  College  museum 
as  the  place  to  find  my  originals  and  there  they  were — so 
'  labeled  by  professor  Hall  himself. 

JouN  M.  Clakke. 
Albany,  April  S,  1905. 


REVIEW  OF  RECENT  GEOLOGICAL 
LITERATURE. 

A  Reconnaissaacc  ia  Nortbttn  Alaska,  across  the  Rocky  Mountaias, 
alooff  Koyttkak,  John,  Anaktavak  and  Colvilk  Rivers,  and  the 
Arctic  Coast  to  Cape  Lisbarne,  in  1901.  By  Frank  Uharlbs 
SCHRAOKR.  with  Notes  by  W.  J.  Phthrs.  U.  3.  Geol.  Survey, 
ProfeBBional  Paper,  No.  20.  Pages  138;  with  16  plates  (Includ- 
ing 4  maps)  and  4  flgurea  in  the  text.  1904. 
Tbls  exploration,  croselng  the  great  mountain  belt  and  coastal 
plain  of  northern  Alaska,  started  from  Nutato  on  the  Yukon  river, 
ascended  Its  large  northern  tributary,  the  Koyukuk.  to  Its  branch 
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named  John  river,  near  the  152nd  meridian,  and  thence  extended 
In  a  nearly  due  north  course  tlirough  three  and  a  half  degrees  ot 
latitude,  traveling  by  canoes,  by  portage  over  the  Anaktuvuk  pass, 
and  again  by  canoeing  down  the  river  of  that  name  and  the  Col- 
ville  river  to  Ita  mouth,  with  travel  thence  along  the  coast  of  the 
Arctic  ocean  through  fourteen  degrees  of  longitude  west  to  Cape 
LlBbume,  the  north  western  comer  of  Alaska. 

On  this  route  the  frontal  ranges  ot  the  Cordilleran  belt  trend 
nearly  east  and  west,  occupying  a  width  ot  about  100  miles,  with 
peaks  of  6,000  feet  altitude  above  the  sea.  To  the  north  a  country 
of  rolling  plains,  the  analogue  of  the  Great  Plains  east  of  the 
Rocky  mountains  in  the  United  States,  stretches  some  SO  miles 
In  width,  and  is  succeeded  by  a  nearly  flat  low  tundra  of  about 
the  same  width,  adjoining  the  ocean. 

The  Yukon  basin,  as  the  author  remarks,  seems  comparable 
with  the  great  Interior  Basin  of  the  western  United  States;  and  It 
may  be  further  added  that  the  southern  curving  mountain  ranges 
of  Alaska,  culminating  in  Mta.  St.  Ellae  and  Logan,  Wrangell,  and 
McKinley,  and  continuing  onward  southwesterly  in  the  Alaska  pen- 
insula and  Aleutian  Islands,  are  clearly  correlative  with  the  Sierra 
Nevada  and  Coast  ranges  of  our  Pacific  states. 

Here  the  longest  mountain  series  of  all  the  world  passes  from 
the  western  to  the  eastern  hemisphere.  Beginning  at  Cape  Horn 
and  running  In  the  Andes  and  Cordilleran  belts  along  the  western 
sides  of  South  and  North  America,  the  same  grand  orographic 
features  reach  forward,  beyond  Bering  strait,  through  Kamtchatka, 
the  Kurlle  Islands,  Japan,  Formosa,  the  Philippines,  Borneo,  and 
Celebes,  all  the  series  from  Patagonia  to  the  East  Indies  being 
nearly  In  the  same  great  circle  and  having  together  a  length  of 
about  240  degrees. 

Metamorphlc  rocks,  principally  sedimentary,  regarded  as  of 
Silurian,  Devonian,  and  Lower  Carboniferous  age,  form  the  moun- 
tain belt  crossed  by  this  exploration.  It  is  thought  that  the  meta- 
morphlsm  resulted  from  the  processes  of  the  mountain  building, 
which  "seem  to  have  been  In  progress  intermittently  since  Middle 
Paleozoic  time,  and  are  probably  still  going  on." 

Northward,  the  plains  bordering  the  mountains  consist  of  Cre- 
taceous and  Tertiary  formations,  the  former  also  having  a  large 
development  southward  In  the  Koyukuk  basin,  and  the  latter  under- 
lying the  tundra  region  neit  to  the  coast. 

Glaciation  here  during  the  Pleistocene  period  was  not  of  a 
continental  character  comparable  with  the  vast  ice  sheet  of  British 
America  and  the  northern  United  States;  but  It  was  far  more  ex- 
tensive than  has  been  heretofore  supposed.  The  mountains  were 
not  overridden  by  moving  ice,  but  were  the  gathering  ground  of 
thick  snow  and  tee  fields,  whence  broad  piedmont  glaciers,  simllai 
to  the  Halaspina  glacier  south  of  Mt,  St.  Eltaa,  stretched  many 
miles  outward  to  the  north  and  south.  Into  the  Colville  and  Koyukuk 
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baslnfl.  Tbelr  drift  depoalts,  l&rgeljr  till,  attain  maximum  thick- 
ueases  o(  100  to  160  feet 

QrouDd  ice,  forming  low  sea  cliffs,  aometlmes  30  feet  high, 
overlain  by  a  foot  or  two  of  muck,  which  la  carpeted  with  mon 
and  grass,  occurs  along  distances  of  several  miles  at  Halkett  and 
Simpson  capes,  midway  between  the  mouth  of  CoItIUs  rirer  and 
Point  Barrow. 

Placer  gold  mining  on  the  head  streams  of  the  Koyukuk  river 
has  yielded  somewhat  more  than  $700,000  during  the  years  1899  to 
1903,  this  being  the  only  mineral  resource  utilized  In  the  vast  re- 
gion tbuB  traversed  between  tbe  Yukon  and  the  Arctic  sea. 

Bituminous  coal  and  lignite  of  fair  Quality  have  considerable 
development  on  the  Anaktuvuk  and  Colvllle  rivers,  and  also  at  sev- 
eral localities  on  the  Arctic  coast,  wbere  coal  In  beds  from  1  to  16 
feet  thick  baa  been  occaaionally  mined  during  the  past  twenty-five 
years  by  the  crews  of  whaling  and  revenue  vessels.  The  coal-bear- 
ing formations  probably  range  Id  age  from  tbe  Jura-CretaceouB  to 
the  Ollgocene  Tertiary.  South  of  the  mountains,  the  same  forma- 
Uons,  with  veins  of  coal  and  lignite,  occur  on  John  and  Koyukuk 
rivers,  and  one  coal  vein  seen  on  tbe  latter  stream  has  a  thick- 
ness of  9  or  10  feet. 

Snow  was  found  to  average  about  six  feet  deep  in  the  Koyukuk 
valley  in  April,  1901,  but  two  months  later  It  had  melted  away 
from  the  lowlands  of  that  district  w.  v. 

On  tbe  Origin  of  tie  Marine  (Helolimnk)  Fauna  of  Lake  Tangan- 
jika.     By  W.  H.  Hudlbstoh,  F.  R,  S.     Journal  of  Transactions 
of  the  Victoria  InsUtute,  London,  vol.  xxxvl,  1904,  pp.  300-361, 
with  two  plate  maps  and  four  figures  In  the  text. 
Lake  Tanganyika,  about  400  miles  long,  2,700  feet  above  the 
sea  and  having  a  great  depth,  lying  In  a  very  remarkable  north 
to  south  rift  valley  or  graben,  has  numerous  distinctly  marine  types 
of  mollusks,  crabs  and  prawns,  jelly-flBbes,  sponges,  etc.,  associated 
with  its  ordinary  fresb-water  fauna.     Tbe  lake  outflows.  In  Its  flood 
Stages,  by  the  Lukuga  river  to  the  Congo.    None  of  tbe  many  other 
lakes  of  the  same  large  group,  In  east  central  Africa,  has  such  s 
mingling  of  species  nearly  related  to  marine  forms  with  the  fresh- 
water species. 

Mr.  J.  E.  S.  Moore,  who  visited  lake  Tanganyika  In  1S96  anil 
again  In  1899  for  thorough  studies  and  collecting  of  Its  fauna,  has 
pointed  out  resemblauceH  of  Its  halollmnlc  gasteropods  to  fossil 
species  of  the  Inferior  Oolite  In  the  Jurassic  series  of  England  and 
Prance.  The  author  of  this  paper,  however,  deems  these  resem- 
blances inconclusive  for  derivation  of  the  Tanganyika  gasteropods 
from  the  Jurassic.  More  probably  the  connection  of  this  lake  with 
the  sea,  and  Its  separation  and  uplifting  of  the  valley,  belonged  to 
a  much  later  geologic  period;  for  the  prolonged  graben  system. 
In  which  this  valley  Is  a  part,  appears  to  date  Its  origin  from  Mlddl-: 
Tertiary  time,  w   u 
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Gtologj  of  the  Vicinity  of  Little  Falls,  Herkimer  CoaaQr,  [2^w  York]. 

New  York  State  Museaai,  Balletin  77.  1905.    By  H.  P.Cushihc. 

The  central  portion  of  the  Mobawk  river  beElnalns  west  o( 
Schenectady  and  extending  to  Utlca  has  cut  a  deep  trench  Id  what 
proresaor  Tarr  has  called  the  Mohawk  valley  phyalogmpblc  pro- 
TlDce,  to  the  north  of  which  the  land  rises  moderately  and  then 
sharply  to  the  alopes  of  the  Adirondack  mountains.  This  valley  Is 
the  eastern  gateway  between  tbe  tide  water  of  the  Hudson,  at 
whose  moutb  Ilea  greater  New  York,  and  the  great  agricultural 
west.  Up  the  Mohawk  valley  passed  the  early  explorers  and  pio- 
neers who  built  the  ancient  highways  which  In  time  were  followed 
by.  the  Erie  Canal  and  the  steam  and  electric  railways.  The  beau- 
tiful scenery  of  this  valley  Is  well  known  and  during  the  last  cen- 
tury has  been  admired  hy  thousands  of  travelers  between  the  east 
and  the  west.  The  upper  gorge  of  the  Mohawk  river  at  Little 
Falls  has  been  for  niany  years  a  region  of  interest  to  the  physio- 
grapher and  geologist.  This  well  written  and  interesting  account 
of  90  pages  describing  the  geology  of  the  Ltttle  Falls  region  by 
professor  Gushing  accompanies  his  geologic  map  of  that  quad- 
rangle. It  is  llluBtrated  by  IB  plates,  most  of  which  are  excellent 
half-tones,  giving  views  of  Interesting  exposures  of  the  formations 
or  geologic  structure;  by  14  text-figures  and  a  sheet  of  colored  geo- 
logic sections.  This  region  has  suffered  deformation  by  faulting 
which  has  produced  the  conaplcuous  cliff  east  of  Little  Falls  and  - 
the  geologic  map  showa  two  fault  llnea  near  that  city  and  another 
east  of  Dolgevllle.  The  Little  Falls  fault  la  aatd  to  be  the  most 
westerly  known  one  in  the  state  with  "a  throw  of  nearly  or  quits 
800  feet."  To  the  east  of  this  quadrangle  numerous  faults  cross 
the  Mohawk  valley,  and  the  reviewer  has  shown  that  the  throw 
of  the  Hoffman  fault,  about  nine  miles  northwest  of  Schenectady. 
Is  some  1,600  feet.  The  geologic  map,  which  Is  clearly  printed, 
shows  areas  of  both  Pre-Cambrlan  Igneous  and  sedimentary  rocks, 
nearly  all  the  Lower  Silurian  formations  found  In  the  Mohawk  val- 
ley and  Pleistocene  deposits.  The  Pre-Cambrlan  sedimentary 
rocks,  which  are  referred  to  the  Qrenville  formation,  are  mapped 
separately.  The  Lower  Silurian  formations  in  ascending  order  are 
mapped  under  the  following  divisions:  Beeknuuttown  formation; 
Trenton  formation  composed  of  the  Lowvllle,  Black  river  and  Tren- 
ton limestones;  Trenton-Utica  passage  beds  and  the  Utlca  shale. 
Considerable  attention  Is  devoted  to  the  character  and  slope  of  the  * 
Pre-Cambrlan  floor  and  the  evidence  of  a  Beekmantown  overlap 
Kppeara  clear  and  declslTe.  c  s.  p. 

Recent  studies  in  tbe  Cambrian  of  Boberaia. 

In  connection  with  the  International  Geological  Congress  at 
Vienna,  Dr.  J.  J.  Jahn  has  published  several  short  articles  on  the 
geology  of  the  Palieozoic  Basin  in  Middle  Bohemia.  One  entitled 
"Qeologische  exkursionen  im  Altem  Palaosolkurn  Mlttel-Bfihmena," 
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would  be  &  useful  little  handbook  for  a  geoloslBt  wIsbloK  to  visit 
the  claaBlcBl  region  In  middle  Burope  where  Barrande  made  hla 
Important  Investigations.  It  contains  quite  a  number  of  sections 
of  typical  localities  of  the  Ordovlclan  and  Silurian  rocks,  and  one 
of  the  Cambrian. 

A  short  article  [from  Comptes  Rendus  IX  Congres.  gMl.  In- 
temat.  de  Vlcnne,  1903]  tells  of  excursions  made  to  the  localities 
named  In  the  preceding  article  by  members  of  the  congress  among 
whom  one  finds  the  familiar  names  of  Charles  Barrols,  L.  Doll«, 
T.  de  La  Touche,  C.  Wlman  and  others. 

A  third  article,  "Uber  die  Brachlopodenfauna  der  Bande  d.  1" 
[from  Separat-Abdruck  aus  den  Verhandlungen  der  K.  K.  geolog, 
Reichsanstalt,  1904.  No.  12]  describes  the  Braebiopoda,  of  the  lower 
diviaioa  of  Bande  D  at  a  number  of  places.  This  division  d.  1 
contains  the  passa^  beds  from  the  Cambrian  to  the  Ordovlclan, 
and  the  two  types  of  faunas  sre  carefully  set  forth  and  dlstln- 
sulshed  In  this  paper.  Dr.  Jahn  finds  a  number  ol  new  species  of 
Opolella.  LIngula  and  Dlsclna,  which  however  are  not  described 
here. 

Another  article  from  the  same  Journal  [No.  9]  U  entitled,  Eia 
BeitTRg  rar  Kenntnis  der  Bande  d.  1.  A.  The  rocks  enclosing  tlilB 
fauna,  quartzyte,  graywacke,  and  clay  slate,  are  described,  and  the 
species  found  at  several  localities  are  detailed.  Obolus  Barrolsella, 
Llngnla,  Acrothele  are  tbe  prevailing  genera;  Orthls  and  Rbynch- 
onella,  also  occur. 

These  articles  revise  the  names  of  Barrande's  genera  and  will 
be  usefnl  to  the  student.  a.  f  ii. 
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KEIOHLEV,  TH08.  W. 

The  Connellsvllle  Colie  Region.  (Mining  Mag.  vol.  11.  No.  3. 
March.  1905.) 

KINDLE,  EDWARD  M..    (See  WILLIAMS,  H.  S.) 
KINO,  CHA8.  R. 

The  Completion  of  the  SImpton  Tunnel.     (Scientific  American, 
vol.  92,  No.  11,  March  18.) 
LAKES,  PROP.  ARTHUR. 

Rock  Springs  Coal  Mines  In  Wyoming.     (Mines. and  Minerals, 
vol.  25,  March,  1905.) 
LAKES,  ARTHUR. 

Oil  Impregnated  volcanic  Dikes  In  Colorado.     (Mines  and  Min- 
erals, vol.  25,  p.  394,  March,  1905.) 
LANE,  A.  C. 

The  Coarseness  of  Igneous  rocks  and  Its  meaning.     (Am.  Geol., 
VOL  35,  pp.  05-72.  plate  4.  Feb.,  1905.) 
LINDQREN,  WALDEMAR. 

Cbaracterlstlcs  of  Gold-Quartz  Veins  In  Victoria.     (Eng.  Mining 
Jour.,  vol.  79,  No.  10,  March  9,  1905.) 
MABERY,  CHA8.  F. 

On  the  Composition  of  Petroleum.  (Am.  Chem.  Jour.  vol.  33 
No.  3,  March,  1905.) 
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MAGUIRE,  DON. 

Iron  Ores  In  Utab.     (Mines  and  Minerals,  vol.  25,  March,  1905.) 
MATTHEW,  G.  F. 

New  species  and  a  new  genus  ol  batrachlan  footprints  of  the 
Carboniferous  system  In  Baatem  Canada.     (Trass.  Roy.  Soc  Can., 
2nd  Series,  vol.  10.  sec.  4,  pp.  77-110,  plates,  1904.) 
MORGAN,  W.  C. 

The  orlglD  of  bitumen.     (Am.  Qeol.,  vol.  35,  pp.  46-50,  Jan.,  1906.) 
OBALSKI,  J. 


08B0RN,   H.  F. 

Recent   Zoopalcontologf.     (Science,  vol.  21,    p.   316,  Feb.   24, 
1906.) 
PARKER,  E.  W.  (J.  A.  HOLMES  and  M.  B.  CAMPBELL). 

Prelim  Inary  report  on  tbe  operations  of  tbe  coal-testlui;  plant 
of  the  United  States  (Geological  Survey,  at  the  Louisiana  Purchase 
Exposition,  St  Louis,  Ho.,  1904.    Bull.  No.  261,  U.  S.  O.  S.,  pp.  172. 
1905. 
PAYNE,  HENRY  M. 

The  Tug  River  Cotil   Field.       (Mines  and  Minerals,  voL  25. 
March,  1905.) 
RANDOLPH,  BEVERLY  8. 

Seaboard  Coal  Regions  along  tbe  Baltimore  and  Ohio  Railroad. 
(Mining  Mag.,  vol.  II,  No.  3,  March.  1905.) 
RICE,  GEO.  8. 

Tbe  Illinois  Coal  Field.     (Mining  Mag.,  vol.  11,  No.  3,  March, 
1905.) 
ROWE,  J.  P. 

The  Montana  Coal  Fields.     (Mining  Mag.,  vol.  11,  No.  3,  March, 
1905.) 
ROWE,  J.  P. 

Montana  gypsum  deposits.  (Am.  Geol.,  vol.  35,  pp.  104-113, 
pis.  7-10,  Feb.,  1905.) 

RUSSELL,   L  C. 

Biographical  notice  of  William  Henry  Pettee.     (Am.  Qeol.,  vol. 
36,  pp.  1-4.  Jan.,  1905.) 
ac  HALLE  R,  W.  T. 

Dumortierlte.  (Am.  Jour.  Scl.,  vol.  19,  pp.  211-224,  March,  1905.) 
8CHALLER,  W.  T. 

Crystallography  of  lepldollte.     !Am.  Jour.  Scl.,  vol.  IB,  p.  226. 
March.  1905.) 
SMITH,  D.  T. 

The  Qeology  of  the  Upper  Region  of  the  Main  Walker  Rlvftr, 
Nevada.  (Bull.  Geol.  Dept.  University  of  California,  vol,  4,  pp.  1-82. 
Pis.  1-9,  Dec,  1904.) 
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SPENCER.  A.  C. 

Pre-Cambrlan  rocks  of  the  Franklin  Furnace  quadrangle.     (Sci- 
ence, vol.  21,  p.  391,  Mar.  10,  1906.) 
8T0RRS,  ARTHUR   H. 

The  Anthracite  Coal  PJelda  ot  Pennsylvania.     (Mining  Mag., 
vol.  11,  March,  1SD&.) 
TARR,  R.  8. 

Some  drainage  features  of  southern  central  New  Vork.     (Am. 
Geol.,  vol.  3E,  p.  62,  Jan.,  1906.) 
TA88IN,  WIRT. 

The  Mount  Vernon  Meteorite.     (Proc.  U.  S.  Nat.  Mua.,  vol.  ZS. 
pp.  213-217.  PlB.  3-4.  1906.) 
VEATCH,  A.  C. 

The  question  of  the  origin  of  the  natural  mounds  of  Louislana- 
(Sdence,  vol.  21,  p.  350,  Mar.  3,  1906.) 
WARD,  H.  A. 

BlUIngB  meteorite;  a  new  Iron  meteorite  from  southern  Mis- 
souri.    (Am.  Jour.  Scl..  vol.  19,  pp.  ^40-242,  March,  1906.) 
WEED,  WALTER  H. 

Adsorption  in  Ore  Deposition.     (Eng.  &  Mining  Jour.,  vol.  79, 
p.  364,  Feb.,  1906.) 
WEIDMAN,  8. 

Iron  ores  of  Wieconein,  with  special  reference  to  the  Baraboo 
district.     (Wisconsin  Engineer,  vol.  9,  pp.  31-44,  1906.) 
WHITE,  C.  H. 

Autophytography:  A  process  of  plant  foeslllzation.     (Am.  Jour. 
Scl.,  vol.  19,  pp.  231-237,  March,  1906.) 
WILLARD,  D.   E...(8««   HALL,  CHAS.   M.) 
WILLEV,  D.  A. 

Modem  methods  of  gold  prospecting  and  mining.     (Scl.  Am., 
vol.  92,  p.  ISl,  Mar.  4.  1906.) 
WILLEY,  D.  A. 

Rocky  Mountain  avalanchea.     (8ci.  Am.,  vol.  92,  p.  164,  Feb., 
26,  1906.) 
WILLIAMS,  H.  8.  (and  EDW.  M.  KINDLE). 

Contributions  to  Devonian  Paleontology,  1903.  V.  S.  G.  S.,  Bull, 
244,  pp.  144.  pis.  1-4,  1906. 
WILLIS,  BAILEY. 

Mountain  Growth  and  Mountain  Structure.     (Am.  Geol.,  vol. 
3S.  p.  62,  Jan.,  1906.) 
WILLIAMS,  IRA  A. 

The  comparative  accuracy  of  the  methods  ot  determining  the 
percentiles  of  the  several  components  of  an  igneoua  rock.     (Am. 
(}eoI.,  vol.  36,  pp.  34-46,  Jan.,  1906.) 
WOODBRIDGE,  DWIGHT  E. 

The  Mesabl  Iron  Ore  Range  VI.  vn.     (Bng.  &  Mining  Jour., 
VOL  79,  P«b.  and  Mar.,  1906.) 
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CORRESPONDENCE. 


Prof.  Jam-s  Hall  and  the  Trdost  manuscript.  In  professor 
'Glenn's  recent  blographlca.1  sketch  of  Oerard  Trooet,  published  In 
Hia  Geologist  tor  February,  occurs  some  reference  to  his  relations 
with  the  late  James  Hall  which  places  the  latter  In  an  unfavorable 
light.  As  professor  Glenn's  reference  to  the  matter  is  not  the  first 
that  has  appeared  in  print  It  seems  to  me  well  and  fair  not  to  per- 
petuate the  statements  there  given. 

Profeseor  Hall  was  a  vigorous  spirit  in  American  geolog;,  his 
productivity  was  enormous  and  much  of  the  secret  of  It  was  tliat 
he  could  and  did  lay  under  tribute  to  his  work  so  man7  avenues  of 
supply.  The  excellence  of  his  achievement  and  Its  breadth  of 
.scope  disturbed  many  individual  and  lesser  ambitions,  and  aroused 
some  antagonisms  which  could  not  be  lustlfled.  It  is  history  re- 
peating Itself;  the  towering  genius  In  science  sweeps  everything 
before  him  and  human  progress  rejoices  in  the  result,  regarding 
little  the  scars  of  the  luckless  who  got  in  the  way  of  the  triumphal 
■car.  ' 

I  speak  In  this  way  for  It  is  even  now  necessary  to  remind 
younger  geologletH  that  Halt  wag  no  ordinary  figure,  that  he  did 
bis  work  under  circumstances  which  no  longer  exist  In  science,  that 
his  capacity  for  production  was  not  less  than  his  capacity  of  ab- 
sorption of  others'  work  and  that  his  excellence  was  the  composite 
result  of  all  these  causes  combined  with  bis  wisdom  In  surrounding 
hlnjselC  with  competent  observers  whose  fortunes  he  devoted  to  his 
own.  Hall  was  ever  the  target  for  caustic  comment  among  his 
countrymen  and  the  repeated  published  Insinuations  of  peccability 
constitute  a  tribute  to  which  he  seldom  took  pains  to  reply.  But  it 
Is  appropriate  to  observe  that  the  marks  of  distlncUon  which  he  re- 
ceived from  the  whole  world  fully  equal  the  sum  total  of  all  such 
honors  borne  by  the  American  geologists  of  to-day,  and  these  were 
gained  when  honors  were  not  easy. 

The  Troost  manuscript  and  materials  on  the  American  crinoide 
was.  as  professor  Glenn  has  said,  more  than  forty  years  in  Hall's 
possession.  It  was  referred  to  him  by  the  secretary  of  the  Smith- 
sonian, professor  Henry,  to  pass  on  Its  quality  before  acceptance 
by  the  Smithsonian  for  publication.  If  accepted  the  materials  on 
which  it  was  based  were  to  become  the  property  of  the  govern- 
ment. It  was  never  accepted  or  recommended  for  publication  and 
therefore  never  became  the  property  of  the  Smithsonian  Institution  ' 
or  Nallona]  Museum,  That  the  latter  now  has  possession  is  due 
to  no  proper  right,  but  rather  to  the  fact  that  the  executors  of  pro- 
fessor Hall's  estate.  In  their  desire  to  meet  every  validated  claim 
against  It.  were  not  fully  advised  in  this  matter. 

The  entire  lack  of  concern  on  the  part  of  the  secretaries  of  the 
'Smithsonian  Institution  In  the  Troost  manuscript  Is  indicated  by 
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the  letter  of  protesBor  Baird  to  Mr.  Meek,  already  twice  published, 
and  by  the  fact  that  it  was  not  a  subject  of  more  than  Incidental 
correspondence  between  Hall  and  Henry  or  his  successors.  The 
Smithsonian  acquired  no  title  In  the  property  and  its  Hecretarlee 
recognized  the  fact.  The  documents  and  specimens,  thus,  came 
into  the  hands  of  Hall,  as  the  property  of  Troost;  the;  remained, 
there  because  they  becsme  his  own  property.  I  am  not  acquainted 
with  the  proceedings  by  which  this  acquisition  was  flnallj'  effected. 
Doubtless  the  transfer  was  gradually  worked  out  and  a  full  equiva- 
lent rendered  therefor.  He  has  definitely  stated  that  he  had  ac- 
quired the  title  thereto.  Hall  was  so  open-handed  in  his  distribu- 
tion of  the  costly  volumes  of  the  Paleontology  of  New  York  ss  to- 
give  the  impression  that  these  public  documents  were  for  gratu- 
itous distribution.  They  were  not.  Hall  bought  his  own  copies 
and  he  used  them  as  a  basis  of  exchange  In  the  acquisition  of 
materials.  There  was  not  In  the  entire  Immense  collection  which 
his  death  left  among  his  assets,  a  single  claim  which  had  not  been 
fully  extinguished  either  by  payment  of  money  or  by  transference 
of  copies  01  his  books  which  had  cost  him  money.  By  the  latter 
method  the  Troost  title  was  extinguished  and  Hall  had  long  before 
his  death  acquired  full  right  to  use  the  materials  as  he  saw  fit 

John  M.  Clarke, 
Albanj.   March  20.   1905. 


PERSONAL  AND  SaENTIFIC  NEWS. 


Thk  New  Yokk  ArACEMv  of  S»ien(\'b,  Section  of  Geol- 
ogy and  Mineralogy,  Meeting  of  March  6,  1905.  Notes  on 
the  Minnewaska  Region,  Ulster  Co.,  New  York,  by  F.  Wil- 
ton James. 

The  stripping  of  the  grit  from  the  crest  of  the  second 
anticline  of  the  Shawangunk"  appears  to  be  due  to  a  slight 
cross  fold  by  anticlinal  fracture  and  erosion,  as  the  rocks 
at  the  sotith'west  end  of  the  eroded  area  show  an  upward 
pitch.  Through  this  depression  the  Peterskill  probably 
■flowed  while  its  own  valley  and  Coxing  Clove  were  dammed 
by  the  front  of  the  ice  sheet,  and  cut  then  the  Paltz  Gap  in 
the  crest  of  the  first  anticline,  200  feet  deep,  through  which 
the  road  Iq  New  Paltz  now  runs. 

The  basin  of  lake  Minnewaska  is  vertical-walled  except 
at  the  southwestern  end.  The  cliffs  are  highest  under  QifF 
house,  where  they  stand  160  feet  above  the  surface  of  the 

•  Dnrton.  Rep,  47.  N.  Y.  State  Mus, 
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lake  and  65  feet  below  it.  The  grit  is  probably  about  230 
feet  thick  here.  The  walls  are  pierced  by  four  crevasses 
now  filled  with  drift^the  remains  of  two  fissures  crossing 
each  other  at  the  deepest  point  in  the  lake,  74  feet  deep. 
There  is  no  drift  in  the  lake  basin,  not  even  under  the  south- 
facing  cliffs,  although  the  fissure  running  S.  25°  W.  is  filled, 
and  the  transverse  breach  is  blocked  to  150  feet  above  the 
lake.  The  glaciation  is  here  S.  ro°  W.  The  cause  of  the 
absence  of  drift  is  not  clear;  elsewhere  the  cliffs  are  heavily 
skirted. 

Lake  Awosting  lies  along  a  vertical  fault  plane,  drift-filled 
at  both  ends.  The  fault  has  not  been  studied.  The  north 
wall  of  the  Palmaghat  is  a  vertical  fault  of  200  feet  throw. 
Both  these  faults  seem  to  be  derived  from  the  overthrown 
anticline  of  the  Coxingkill  escarpment.  Mr.  Darton  is  in 
error  in  declaring  the  absence  of  extended  faults. 

The  next  paper  was  by  Dr.  A.  A.  Julien  on  the  "De- 
termination of  Brucite  as  a  Rock  Constituent." 

After  a  brief  review  of  the  life  of  Dr.  Archibald  Bruce, 
of  New  York  city,  the  discoverer  of  the  mineral,  the  fact 
of  its  wide  distribution  was  set  forth,  both  in  limestones  and 
serpentinoids,  either  in  its  unchanged  condition  or  in  the 
form  of  its  derivatives,  especially  magnesite  and  hydromag- 
nesite,  as  maintained  by  Volger  in  1855.  The  following  are 
its  most  marked  characteristics  for  recognition  as  a  rock 
constituent. 

1.  In  addition  to  the  known  basal  cleavage,  two  other 
systems  may  be  distinguished  on  plates  or  folia;  that  of  the 
bex'agonal  prism,  often  becoming  rhombohedral,  intersect- 
ing at  60°  or  120° ;  and  that  of  the  hexagonal  pyramid,  in- 
tersecting at  90°. 

2.  Nemalitic  structure  or  fibration,  commonly  occurr- 
ing in  brucite  within  serpentinoids  subjected  to  dynamic 
stresses.  The  major  axis  of  elasticity  always  lies  parallel 
to  the  direction  of  the  fibers. 

3.  Refractive  index  1.57,  sufficient,  when  the  asso- 
ciated minerals  are  pure,  to  distinguish  it  by  the  Becke 
method  from  serpentine  on  the  one  hand  and  from  amphi- 
boles,  dolomite,  etc.,  on  the  other. 

4.  Birefringence  (y—  OC ^o.ozdj  presenting  interfer- 
ence colors  of  the  upper  first  order  up  to  skyblue  of  lower 
second  order,  in  plates  or  sections  of  the  usual  thinness. 

5.  Characteristic  strain  phenomena;  particularly  by 
disturbance  of  the  interference  figure,  examined  by  con- 
vergent light  in  ba.sal  cleavage  plates  or  folia;  also  by  a 
variable,  small  extinction  angle  in  sections  parallel  to  the 
vertical  axis. 
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6.  Optically  positive  character  of  the  uniaxial  figure, 
in  distinction  from  talc,  serpentine,  etc. 

7.  Occasional  twinning,  observed  in  crystals  enclosed 
in  limestone. 

8.  Certain  chemical  tests,  in  confirmation  of  the  op- 
tical diagnosis. 

A  Joint  Annocnckment  of  Field  Codrses  is  Geology; 
Summer  of  1V05,  has  lately  been  issued,  containing  a  list 
of  field  courses  in  geology  offered  for  the  summer  of  1905 
by  several  universities  in  different  parts  of  the  United 
5tates. 

The  colleges  and  universities  named  in  the  list  below 
have  agreed,  under  certain  conditions,  to  give  credit  for 
summer  field  work  in  geology  in  such  courses  as  are  de- 
scribed in  the  joint  announcement.  Students  in  any  of 
these  institutions  who  wish  to  take  advantage  of  tliis  ar- 
rangement must  previously  consult  the  Dean  of  the  de- 
partment in  which  they  are  registered,  as  to  the  course  that 
they  wish  to  take  and  as  to  the  requirements  for  gaining 
credit  for  work  done  in  it. 

Amherst  College.  University  of  Missouri. 

Belolt  College.  University  of  North  Carolina. 

University  of  Chicago.  Northwestern  University. 

Colgate  University,  Oberlln  College. 

Columbia  University.  Ohio  Wesleyan  University. 

Hamilton  College.  University  of  Rochester 

Harvard   University.  Syracuse  University. 

Johns  Hopkins  University.  University  of  Toronto. 

Unlversfty  of  Kansas.  Vanderbllt  University 

Massachusetts  Institute  ot  Wesleyan  University. 

Technology.  Western   Reserve   University. 

McGUI  University.  Wllllama  College. 

University  of  Michigan.  University  of  Wisconsin.- 

University  of  Minnesota.  Yale  University. 

ET  ' 

The  number  of  courses  offered  and  the  professors  from 
whom  the  joint  announcement  and  information  about 
special  courses  may  be  obtained  are  as  follows : 

Intercollegiate  Appalachian  Course — Prof,  W.  B.  ClarE. 

University  of  Chicago,  (Five  Courses] — Prof.  R.  D.  Salisbury. 

Columbia  University,  (One  Course) — Prof.  A.  W.  Grabau. 

Harvard  University,  (Three  Courses) — Prof.  J.  B.  Woodworth. 

Johns  Hopkins  University,  {One  Course) — Prof.  W.  B,  Clark. 

University  of  Kansas,    (One   Course) — Prof.   E.  Hawortb. 

University  of  Minnesota,  (Two  Courses) — Prof.  C.  W.  Hall. 

University  of  North  Carolina,  (One  Course) — Prof.  C.  Cobb. 

Ohio  State  University,   (One  Course) — Prof.  C.  S,  Prosaer. 

Leiand  Stanford  Junior  University,  (Two  Courses') — Prof,  J.  C. 
Branner. 

University  of  Wisconsin,  (One  Course)— Prof.  W.  H.  Hobbs. 
The   courses   announced    for   relatively   distant   fields 
are:     Glacial   Geology  in  the  Rocky  Mountains  by  Prof. 
Salisbury  of   Chicago;   General   Geology   in   Montana,   by 
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Prof.  Woodworth  of  Harvard;  a  visit  to  Iceland,  by  Prof. 
Jaggar  of  Harvard ;  two  courses  at  the  Minnesota  Seaside 
Station  on  the  Pacific  Coast,  by  Prof.  C.  W.  Hall  of  Min- 
nesota. 

The  Intercollegiate  Appalachian  Course  of  five  weeks' 
duration,  for  men  only,  will  be  given  under  the  direction 
of  several  instructors,  as  follows: 

July  3-8.— Professor  W.  B.  Clark,  ot  the  Johns  Hopklna  Uni- 
versity^ Baltimore,  Md.,  on  the  Tertiary  and  Cretaceous  Strata  of 
the  Coastal  Plain  of  Maryland;  July  10-15,  Professor  W.  M.  Davis, 
ot  Harvard  University,  Cambridge,  Mass.,  on  the  folded  Palaeozoic 
Strata  of  the  Susquehanna- Juniata  district  of  Pennsylvania;  July 
17-22,  Professor  T.  C.  Hopkins,  of  Syracuse  University,  Syracuse, 
N.  Y.,  on  the  horizontal  Palaeozoic  Strata  and  Glacial  Features  of 
Central  New  York;  July  24-29,  Professor  H.  P.  Cuahlng,  of  West- 
ern Reserve  University,  Cleveland,  Ohio,  on  the  faulted  Crystalline 
and  Palaeozoic  Rocks  of  the  Uttle  Palls  district,  N.  Y.;  July  31- 
August  5,  Professor  J.  Barrell,  of  Yale  University,  New  Haven, 
Conn.,  on  tbe  Metamorphlc  and  Trlasslc  Rocks  of  Western  Con- 
necticut. 

A  circular  giving  fuller  details  ot  the  course  can  he  had  of 
professor  Clark.  The  work  of  each  week  may  be  t^en  separately 
K  desired. 

Geological  SociETy  OF  Washington.  At  the  meeting 
of  February  22d  the  following  was  the  program:  "The 
time  element  in  stratigraphy  and  correlation."  T.  W.  Stan- 
ton, with  discussion  by  W,  H,  Call.  E.  O.  Ulrich.  David 
White,  At  the  meeting  of  March  8th  the  following  pro- 
gram was  presented:  "Subterranean  gases  at  Cripple 
Creek,"  Waldemar  Lindgren;  "Ore  deposits  of  Bingham, 
■  Utah,"  J.  W.  lioutwell ;  "An  asphalt  lake  near  Tampico, 
Mexico,"  W.  H.  Weed. 

At  the  meeting  of  March  22d  the  following  papers  were 
presented:  "The  coal  measures  of  Southern  Brazil,"  I.  C. 
White;  "Flora  of  the  Brazilian  coal  measures,"  David 
White;  "Tourmaline  mines  of  California,"  W.  T.  Schaller. 

Dnitei>  States  GEOLooicAr.  Suhvky, 

Among  the  recent  publications  are: 

"Kittanning  (Pa.)  folio.  No.  115."  by  Charles  Butts. 

"Geology  and  wafer  resources  of  Central  Oregon,"  bv 
I.  C.  Russell;  Bulletin  No.  252. 

"Report  of  coal  tests  made  at  Louisiana  Purchase  Ex- 
position." by  E.  W.  Parker,  J.  .\.  Holmes,  and  M.  R. 
Campbell.     Bulletin  No.  261. 

"Lignite  of  North  Dakota  as  applied  to  irrigation."  by 
F.  A.  Wilder.     Water  Supply  and  Irrigation  Paper  No.  117, 

"Water  powers  of  Alabama,"  by  B.  M.  Hall.  Water 
Supply  and  Irrigation  Paper  No.  107. 

Among  the  topographic  maps  recently  issued  are  the 
following:     Ouray,  Colo.;  Needles  Mountains,  Colo. 
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At  the  University  of  Nebraska  plans  are  being  carried 
out  for  the  erection  of  a  building  to  accommodate  the  de- 
partment of  geology  and  the  state  museum,  both  of  which 
have  far  outgrown  their  present  accommodations.  Hon. 
Charles  H.  Mlorrill  has  offered  to  renew  his  annual  donation 
of  $1,006  for  the  pursuit  of  geological  investigation. 

Mr.  R,  V.  Anderson,  a  senior  in  the  department  of 
g;eology  at  Stanford  University,  left  San  Francisco  in  Janu- 
ary for  a  year's  geological  study  in  Japan  and  China.  He 
accompanies  his  brother,  who  is  collecting  in  those  coun- 
tries for  the  Zoological  Society  of  London. 

The  Geological  Mapping  of  the  region  about  Mount 
Hamilton,  California,  will  be  begun  this  coming  summer  by 
advanced  students  from  Stanford  University,  under  the 
direction  of  professors  Branner  and  Newsom. 

The  CoMMi-rrBE  on  Scikncs  and  Arts  of  the  Franklin 
Institute,  Philadelphia,  has  recommended  to  the  Board  of 
■City  Trusts  that  Dr.  Persifor  Frazer  be  awarded  the  John 
■  Scott  legacy  premium  and  medal  for  his  "system  of  quanti- 
tative colorimetry"  for  determining  the  genuineness  of  ex- 
hibit's of  handwriting.      {  Sciencf.  1 

The  G.  L  Herkiok  Memorial  Fund  has  been  estab- 
lished at  Denison  University,  Granville,  Ohio,  for  the  pur- 
pose of  perpetuating  the  memory  of  the  late  C.  L.  Herrick. 
The  first  purpose  of  the  committee  having  it  in  charge  is  to 
secure  for  Denison  University  Dr.  Herrick's  scientific  libra- 
ry, and  later  to  create  a  fund  for  the  maintenance  of  the 
serials  represented  in  the  library,  and  otherwise  to  foster  the 
interests  of  science.  A  friend  has  promised  to  duplicate  all 
subscriptions  made,  for  this  purpose  prior  to  July  i,  1905. 
Contributions  may  be  sent  to  Prof.  Frank  Carney,  Gran- 
ville. Ohio. 

Professor  Albert  A.Wright,  professor  of  geology  and 
zoology  in  Oberlin  College,  died  of  paralvsis  on'  April  2nd 
at  Oberlin,  Ohio, 

Thursday  Morning,  March  30th,  Barney  Meuorial 
Hall, generally  known  as  Science  Hall,  of  Denison  Univer- 
sity at  Granville,  Ohio,  was  burned.  This  building  con- 
tained the  departments  of  chemistry,  physics,  botany,  bi- 
ology and  geology  and,  with  the  exception  of  geology, 
■nearly  all  the  collections  and  equipment  were  lost.  In  addi- 
tion the  scientific  library  of  the  late  Dr.  Clarence  L.  Her- 
rick and  that  of  the  Bulletin  of  the  Science  Laboratories 
of  Denison  University,  were  burned.  The  geological  de- 
partment had  expended  over  $5,000  during  the  winter  for 
additions  to  its  collections  and  equipment  and  most  of  this 
material  was  saved.  The  total  loss  to  the  University  is 
estimated  as  a'bout  $95,000,  part  of  which  is  covered  by 
ntsurance. 
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ArousT  Michel  Levy,  Director  of  the  Geological  Sur- 
vey of  France,  has  been  offered  the  position  of  professor  of 
Geology  and  Mineralogy  in  the  College  of  France,  vacant 
since  the  death  of  professor  F.  Fouque. 

New  Mexico  (ieolugical  Survey — The  Legislature  of 
New  Mexico  at  its  recent  session  just  closed  passed  a  law 
establishing  a  State  Geological  Survey,  making  an  appropri- 
ation of  $6,000.  The  work  is  to  be  conducted  under  the 
supervision  of  the  board  of  trustees  of  the  New  Mexico 
School  of  Mines  at  Socorro.  Already  considerable  new  and 
valuable  geological  information  had  been  collected. 

H,  V.  'Wn.rHELL,  iiciTE,  Montana,  returned  recent- 
ly from  an  extended  tour  of  examination  of  the  western 
mining  districts.  In  a  personal  letter  he  says,  "I  saw  much 
of  interest  in  my  tour  around  through  Oregon,  California 
and  Southern  Nevada.  Each  year's  experience  only  serves 
to  impress  more  strongly  on  my  mind  the  great  importance 
of  climate  and  topography,  of  latitude  and  geography  in  the 
formation  of  ore  deposits.  Aside  from  the  presence  of 
eruptive  rocks  and  the  subsequent  flow  of  hot  waters  there 
are  no  factors  of  such  importance  as  climate  and  topo- 
graph.y.  Give  me  the  southern  deserts  where  the  rocks 
are  slowly  altered  for  ages  by  surface  waters  which  oxidize 
faster  than  they  erode  instead  of  the  Alasitan  and  Canadian 
mountains  where  erosion  is  more  rapid  than  oxidation. 

Goldfield,  Nevada  is  a  busy  place  but  little  more. than 
a  year  old  and  is  28  miles  from  a  railroad  in  a  desert  coun- 
try. Yet  it  has  electric  lights,  city  water,  four  banks,  many 
stone  buildings  and  a  population  of  7,000  or  8,000  people. 

It  is  in  the  center  of  a- mining  camp  five  or  six  miles 
square  which  seems  to  have  promise  of  a  great  future.  The 
ore  is  in  and  much  associated  with  rhyolyte  dikes  cutting 
andesyte.  Water  is  found  at  the  depth  of  about  200  feet, 
and  below  water  the  ore  contains  pyrite,  gray  copper,  bis- 
muth, sulphide,  tetlurides  and  free  gold.  The  camp  has, 
produced  more  than  two  million  dollars  in  gold  in  i8' 
months  of  shipping  ore  worth  over  $100  per  ton.  Other 
districts  around  that  country  such  as  Tonapah,  Bull  Frog, 
etc.  are  also  producing  high  grade  ore  and  the  fortunate 
discoverers  are  wealthy  before  they  know  it. 

At  Portland  I  went  to  the  exposition  grounds.  They 
are  not  immense  like  those  at  St,  Louis,  but  very  well  laid 
out  and  the  buildings  are  attractive. 


)y  Google 


WANTED 

On  a   Straight    Salary    Basis 


a  youag  man  or  woman  m  every 
couDty  of  the  United  States  to  in- 
iiiate  and  carry  on  certain  branches 
at  our  business.  Can  use  pan  or  all 
of  lime.     Positions    permanent.      Sal- 

liaveling  positions  open  to  right  parties, 
fteferences  retjuired.     Apply  to 


THE  SUCCESS    COMPANY 


»Google 


NOTICE. — The  editors  of  the  American  Qeologlst  dealt*  to 
call  the  attention  of  llbrarlana  In  North  America  to  the  terms  fer 
which  the  back  numbers  can  be  ebtatnedi  viz.:  $42.60  for  34  vol- 
umes. If  to  this  be  added  half  a  dollar,  the  subscription  for  the 
year  1905  will  be  given,  making  3S  volumes  for  f43.00. 

This  very  tow  offer  la  for  the  purpose  of  inducing  the  libraries 
of  the  country  not  now  on  our  subscription  list  to  become  regular 
subscribers.  The  Qeologlst  contains  a  monthly  record  of  Ameri- 
can geology  and  of  geological  literature,  and  for  all  students-  and 
teachers  who  are  dispoaed  to  investigate  any  geological  aubject 
auch  a  theaaurua  ia  very  uaefui,  and  cannot  be  found  elaewhere  In 
America. 

The  same  terms  are  applicable  to  foreign  libraries,  OKcept  that 
twenty-five  centa  per  volume  must  be  added  for  postage. 

THE  FRANKLIN  BOOKSHOP. 

S.    N.  RHOADS,  Proprietor. 
1105  Walnut  Steeet,  PHILADELPHIA,  PA. 

OLD    AND    RARE    BOOKS 

RBLATINO    TO 

Nature    Study,      Science      and    Americana. 

New   SCIENCE    CATALOG    now   preparing.  Send  for  it 


BEST  TO  CHICAGO 


No  other  service  from  the  Twin  Cities  like  the  Bur- 
lington's. Fine  route!  Fine  trains!  Fine  service! 
I'll  gladly  furnish  you  rates  and  detailed  information. 


)y  Google 


»Google 


»Google 


»Google 


»Google 


THE-. 

AMERICAN    GEOLOGIST. 


BENJAMIN   WEST  FRAZIER. 

PORTRAIT— PI.ATB  XV. 

This  thorough  and  learned  geologist,  mineralogist,  and  me- 
talluigist,  was  bom  in  Phikdelphia,  October  3,  1841,  and  died 
January  4,  1905,  aged  sixty-four  years,  in  Bethlehem,  Pennsyl- 
vania, at  the  head  of  the  department  of  Mineralogy  in  Lehigh 
University, 

It  has  been  the  melanchtdy  duty  of  the  present  writer  to 
prepare  obituary  notices  of  several  leading  members  of  our 
profession  jn  these  and  other  columns,  and  it  has  always  hap- 
pened that  the  study,  for  this  purpose,  of  each  character,  has 
revealed  one  or  more  admirable  traits  which  assisted  the  pos- 
sessor to  his  place  in  the  world  of  science.  In  the  present 
case  the  enviable  characteristics  of  professor  Frazier,  while 
assisting  him  to  deserve,  have  hindered  him  from  accepting, 
the  very  eminent  place  as  a  man  of  science  which  is  his  right 

He  entered  the  sophomore  class  of  the  department  of  Arts 
of  the  University  of  Pennsylvania  in  1856,  graduating  in  1859. 
The  period  between  this  and  his  departure  for  Europe  was 
occupied  partly  in  the  counting  house  of  his  uncle,  Joseph  Ca- 
bot; partly  in  reading  law;  and  finally,  when  he  had  decided 
upon  a  scientific  career,  in  preparation  at  Booth  and  Garrett's 
chemical  laboratory. 

The  studies  which  he  had  intended  should  fit  him  for  his 
profession  were  interrupted  by  the  civil  war  of  1861,  during 
the  course  of  which  he  twice  served  with  the  emergency  men 
of  the  Pennsylvania  militia.  On  the  re-establishment  of  peace 
he  married  Miss  Alice  Qarke  of  New  York,  and  with  his  bride 
visited  Europe  to  attend  the  best  technical  schools  of  geoI<^;y, 
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mineralogy,  metallurgy,  and  mining.  This  toc4c  him  to  the 
£coIe  des  Mines  at  Paris;  to  Heidelberg;  and  in  1866  to  the 
Bergakademie  founded  by  Werner  in  Freiberg,  Saxony. 
He  and  the  present  writer,  whose  families  as  well  as  them- 
selves had  always  been  on  the  most  cordial  terms,  attended 
at  the  same  time  the  same  University,  subsequently  occupied 
adjoining  tables  in  Booth  and  Garrett's  laboratory,  and  found 
themselves  again  fellow  students  at  Freiberg. 

In  addition  to  this  paralldism  of  career  the  very  slight  dif- 
ference in  the  spelling  of  their  &mily  names  and  the  usual 
confusion  in  Saxony  between  B  and  P  led  to  many  humorous 
mistakes  of  identity  in  which  then  as  now  the  memorialist  re- 
garded as  his  the  gain  from  such  an  error.  After  returm'ng  to 
the  United  States,  professor  Frazier  engaged  for  a  short  time 
during  1869-70  in  the  business  of  sugar  refining,  but  finding 
business  affairs  distasteful,  accepted  the  combined  chairs  of 
mining  and  metallurgy  in  Lehigh  University  from  1870  to 
1880. 

His  development  of  the  instruction  in  these  subjects  was  so 
masterly  that  it  became  necessary  to  separate  them.  In  1880 
he  assumed  charge  of  the  instruction  in  mineralf^y  and  metal- 
lurgy, which  ultimately  met  the  same  fate,  and  professor 
Frazier  finally  confined  his  personal  instruction  entirely  to  the 
subject  of  mineralogy  which,  as  he  interpreted  its  dutie.s,  was 
as  much  as  one  man  could  attend  to. 

All  this  is  mere  statistics  and  gives  no  insight  into  what  the 
subject  of  this  sketch  was  actually  doing  to  fulfill  the  duties  of 
his  chairs  according  to  his  own  high  standard.  No  effort  was 
shirked,  no  self  sacrifice  avoided,  which  could  make  his  courses 
more  perfect.  But  workii^  thus  to  satisfy  his  conscience  he 
seemed  to  strive  equally  to  keep  his  labors,  and  even  his  high 
attainments,  from  the  knowledge  of  the  world ;  in  which  latter 
effort  he  was  fortunately  not  so  successful. 

It  is  interesting  to  inquire,  what  were  the  qualities  which 
won  the  love  and  respect  of  all,  possessed  by  this  gentleman  who 
never  exercised  any  but  a  healthy  and  ennobling  influence  onhis 
fellow  creatures;  whose  character  the  present  writer,  and 
doubtless  many  another,  has  often  summoned  before  his  mind 
as  an  inspiration  when  the  true  path  of  duty  seemed  difficult  to 
find. 
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They  would  perbaps  be  best  comprehended  in  the  idea  asso- 
ciated  with  the  tenn  "relipous."  They  included  earnestness, 
self-abnegation,  courage,  and  the  loftiest  aims. 

It  is  quite  impossible  for  one  who  knew  him  to  imagine 
Benjamin  Frazier  influenced  in  word  or  act  by  any  other  con- 
siderations than  the  desire  to  say  that  which  wbw  entirely  true, 
and  at  the  same  time  to  avoid  grieving  m-  injuring  others;  or 
failing  to  give  freely  and  without  stint  the  ripe  fruit  of  his  ex- 
perience for  .the  benefit  of  friend  or  stranger  who  asked  any 
proper  question ;  or  influenced  by  anything  but  duty  without  re- 
gard to  consequences  in  deciding  a  course  of  action ;  or  fixing 
fads  eyes  elsewhere  than  on  the  highest  ideals  of  human  con-  , 
duct,  and  living  up  to  them  so  far  as  a  man  can.  It  is  not  only 
inomceivable  that  he  ever  could  have  been  guilty  of  a  base  or 
unworthy  act,  but  it  was  impossible  for  others  to  be  so  in  hts- 
presence  or  under  his  influence. 

He  was  extremely  sensitive,  possessed  of  an  indescribable 
charm  and  gentleness  of  voice  and  manner  which  at  once  pro- 
claimed (in  spite  of  all  his  modesty  could  do)  the  nobility  and 
purity  of  his  character.  One  found  oneself  wondering  if  he  had 
been  spared  the  coarse  rough  and  tumble  of  most  men's  lives. 
He  had  not,  but  he  escaped  the  visible  scars  which  such  ex- 
periences generally  leave. 

Of  course  he  was  a  Fellow  of  the  A.  A.  A.  S.,  a  member  of 
the  American  Philosophical  Society,  and  of  the  American  In- 
stitute of  Mining  Engineers,  etc.  He  could  not  well  help  it ;  and 
he  could  not  have  been  a  member  of  any  association,  however 
exacting  in  its  intellectual  or  ethical  requirements  for  eligibil- 
ity, wh^ch  his  membership  would  not  have  honored. 

He  published  numerous  papers,  all  of  value  because  com- 
posed with  painstaking  care  and  accuracy,  and  sifted  by  a  clear 
judgment.  Such  were  those  on  Air  compression,  Chimney 
draught.  Economy  of  fuel  in  Anthracite  blast  furnaces,  etc. 
The  undersigned  was  under  great  obligations  to  him  for  his 
excellent  advice  as  to  the  new  species  to  be  introduced  into  the 
fourth  edition  of  Tables  for  the  determination  of  Minerals.  All 
su^esticms  of  professor  Frazier  were  adopted  and  together 
they  cwnprised  nine-tenths  of  all  the  added  species. 

The  best  type  of  gentleman ;  a  model  in  consideration  for 
others  as  in  culture,  this  life  bringshome  to  one  the  fact,  which 
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ought  to  need  no  argument,  that  as  the  object  of  science  is  the 
attainmentof  truth,  so  that  of  the  truest  religion  as  well  as  the 
highest  philosophy  is  the  regulation  of  our  conduct  by  this  at- 
tainment. So  far  from  there  being  a  conflict  between  these 
objects  no  one  so  successfully  pursues  either  of  them  alone  as 
both  of  them  together ;  and  this  professor  Frazier  proved. 

It  is  reassuring  that  such  men  should  be  found  in  this 
epoch  and  country,  as  they  occasionally  are,  resembling  intact 
wax  images  amongst  the  blackened  ruins  of  a  conflagration. 
— Persifor  Fraser,  March  24,  1905. 


DEEP  WELLS  AS  A  SOURCE  OF  WATER  SUPPLY  FOR 
MINNEAPOLIS.* 

Bj  N,  H.  WiHCHBLL,  UlnacapoUa,  Minn. 
PLATBB  XVI— XIX. 

Introduction.  It  was  thirty-two  years  ago  that  I  first  made  ■ 
observations  on  the  deep  wells  of  the  city  of  Minneapolis.-  At 
that  time  a  few  wells  were  active,  flowing,  and  others  rose 
sufficiently  high  to  supply  water  by  pumping.  As  the  survey 
of  the  state  progressed  the  conditions  of  the  underlying  rocks 
and  their  geographic  extent  were  fully  ascertained  and  some 
of  the  principles  upon  which  depends  the  water  supply  in 
these  wells  were  definitely  learned.  It  was  found  that  the 
basins  underlying  the  city  pertained  to  certain  definite  rock 
horizons,  the  outside  limits  of  which  are  represented  upon  the 
map  herewith  exhibited  (Figl  i).  On  this  map  only  two  of 
these  horizons  are  shown,  namely,  that  which  is  400  feet  below 
the  surface  and  that  which  is  200  feet  below  the  surface.  The 
former  of  these  basins  has  an  extent  north  and  south  from  Pine 
county  on  the  north  to  Faribault  county  on  the  south,  and  frwn 
the  southern  part  of  Wright  county  on  the  west  to  the 
St.  Croix  river  on  the  east,  embracing  an  area  of  10,080  square 
miles.  The  thickness  of  the  rock  embraced  in  this  horizon 
is  approximately  90  feet.  Supposing  the  rock  thus  em- 
braced to  be  occupied  throughout  by  one-tenth  part  of 
its  bulk  by  water,  the  number  of  gallons  contained  in  that  res- 
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ervoir  would  be  18,919,196,078,220.  The  upper  basin  spoken 
of,  which  lies  at  a  depth  of  about  200  feet,  extends  approximate- 
ly north  and  south  from  the  vicinity  of  southern  Isanti  county 
to  the  central  part  of  Dakota  county  on  the  south,  and  from  the 
west  in  the  central  part  of  Hennepin  county  eastward  to  the 
central  part  of  Washington  county,  embracing  an  area  of  1,396 
square  miles.  The  sandstone  in  which  this  water  is  contained 
is  about  190  feet  thick,  having  an  average  thickness  perhaps  of 
150  feet.  Supposing  it  to  be  occupied  by  water  in  the  same 
ratio  as  the  other  sandstone  mentioned,  the  amount  of  water 
contained  in  this  reservoir,  would  aggregate  4,054,110,793,200 
gallons.  In  order  to  reach  the  lower  reservoir  by  a  deep 
well  in  the  city  it  would  be  necessary  to  drill  about  400  feet, 
and  in  order  to  reach  the  bottom  of  the  smaller  reservoir  it 
would  be  necessary  to  drill  about  200  feet. 
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The  Different  Formations  Underneath  the  City. 

Thickneas. 

1.     Drift 10  to  25  feel 

Z    Trenton  Limestone  25  feet  to  30  feet 

3.  St.  Peter  Sandstone 134  feet  to  164  feet 

4.  Shale  in  the  St  Peter 1  to  5  feet 

5.  St.  Peter  Sandstone  38  feet 

6.  Shakopee  Limestone,  fissured  25  feet 

7.  New  Richmond  Sandstone 2  to  25  feet 

8.  Oneota  Limestone  ..100  to  ISO  feet 

9.  Jordan  Sandstone  100  to  140  feet 

10.  St.  Lawrence  Limestone  and  Shale 100  feet  to  125  feet 

11.  Dresbach  Sandstone  and  ^ale 100  feet  to  200  feet 

12.  Hinckley  Sandstone  175  feet  to  200  feet 

Conditions  of  Artesian  Water. 

It  was  found  in  the  progress  of  the  survey  that  these  fonna- 
tions  which  are  at  a  depth  of  several  hundred  feet  below  the 
city  rise  gently  to  the  surface  in  all  directions,  north,  south, 
east  and  west.  For  instance,  the  Jordan  sandstone,  which  is 
here  450  feet  below  the  surface,  rises  to  a  hight  of  an  unknown 
number  of  feet  above  this  level  in  Pine  county,  and  in  Sher- 
burne county,  and  in  Blue  Earfh  county.  Toward  the  east  in 
Wisconsin  its  actual  outcrop  and  elevation  need  not  be  men- 
tioned, but  it  is  known  to  be  several  hundred  feet  above  the  city 
of  Minneapolis. 

In  the  same  way  the  bottom  of  the  St.  Peter  sandstone, 
which  is  here  200  feet  below  the  surface,  rises  into  the  central 
part  of  Anoka  county  to  about  375  feet  higher,  runs  out  on 
the  south  before  reaching  Carver,  and  on  the  east  its  lowest 
horizon  is  in  central  Washington  county  at  a  bight  of  275  feet 
higher  than  in  Minneapolis.  Thus  the  various  strata  con- 
cerned lie  in  each  other  in  the  form  of  bowls  with  the  rims 
rising  to  the  surface  at  some  distance  from  Minneapolis  on  all 
Bides.  See  figure  2,  the  profile  and  section  from  Stillwater  to 
Wright  Co. 

Any  geologist  learning  this  condition  of  the  underlying 
strata  would  immediately  infer  the  probability  of  an  artesian 
flow  from  each  of  these  horizons  at  Minneapolis. 
Definition  of  Artesian. 

The  term  "artesian"  has  been  misused  and  considerably  cor- 
rupted.   It  was  derived  from  the  city  in  France  named  Artois, 
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where  the  first  flowing  well  was  produced  by  drilling  into  the 
earth.  From  the  city  the  name  has  been  extended  under  the 
term  "artesian"  throughout  all  English  speaking  countries. 
It  is  proper  that  the  term  should  be  restricted  in  its  application 
to  only  those  wells  which  have  a  natural  overflow ;  however,  in 
common  use,  the  term  has  been  incorrectly  applied  to  all  deep 
drilled  wells,  whether  they  flow  at  the  surface  or  not.  In  this 
discussion  we  will  apply  the  term  "artesian"  only  to  those  wells 
which  flow  naturally. 

The  Pending  Investigation. 

In  considering  the  supply  of  water  for  the  city  of  Minneapo- 
iis  from  this  rock  source  the  inquiry  may  be  divided  into  three 
parts: 

i9t.    Is  there  sufficient  water? 
"    2nd.     Is  it  suitable  for  the  uses  of  a  city? 

3rd.     Can  it  be  pumped  to  the  reservoir? 

I,  Is  there  sufficient  water?  The  calculation  which  has 
been  made  of  the  cubic  contents  of  the*  water  in  two  of  these 
basins  will  convey  at  the  outset  a  correct  idea  of  the  vastness 
of  the  actual  amount  of  water  contained  therein.  It  would  be 
inevitable,  of  course,  that,  however  great  the  amount  of  water 
in  any  basin,  it  should  become  exhausted  after  continued 
pumping  unless  there  was  a  continued  supply.  Therefore,  it 
is  not  necessary  to  consider  further  the  actual  amount  of  water 
but  to  inquire  as  to  the  source  of  the  supply. 

Tht  Source  of  Supply.  Did  you  ever  pour  a  pail  of  water 
upon  the  ground?  t)\6  you  ever  empty  a  barrel  of  water 
upon  the  ground?  Did  you  ever  empty  twenty  hogsheads 
of  water  upon  the  ground  and  notice  the  consequences? 
If  you  did,  you  observed  the  water  running  in  all  direc- 
tions, sometimes  in  little  rills,  sometimes  in  larger,  but 
ultimately  sinking  into  the  earth  and  disappearing,  some 
of  the  larger  streams  running  farther  and  perhaps  mak- 
ing little  rivulets  that  ran  for  many  rods  before  they  finally 
disappeared.  What  would  have  been  the  consequence  if  the 
lupply  which  gave  birth  to  these  little  creeks  had  been  con- 
stant? Of  course,  the  answer  is  self-evident,  the  earth  would 
become  saturated  with  water  and  the  saturation  would  be  fol- 
lowed by  the  production  of  constant  streams.  Such  water  as 
sank  into  the  earth  and  saturated  it  would  quickly  pass  through 
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tfae  porous  grAvel  and  sand  until  it  came  to  day,  which  it  would 
saturate  less  rapidly,  and  it  would  appear  along  the  margins  of 
creeks  and  lakes  in  the  form  of  springs  along  the  upper  surface 
of  this  clay.  After  lapse  of  sufficient  time,  however,  and  owing 
to  many  breaks  in  the  continuity  of  the  clay,  water  gets  below 
the  clay  and  penetrates  in  the  same  way  the  next  lower  layers 
and  so  on  to  the  bottom  of  the  scale  until,  not  only  the  whole 
drift,  but  all  of  the  rocky  strata  become  filled  with  water. 

Now  this  experiment  is  only  the  epitome  Of  what  actually 
occurs  in  nature.  The  rains  and  snows  of  the  year  serve  as  a; 
constant  supply  to  little  creeks  and  rivulets  which,  uniting, 
form  the  rivers.  The  earth  has  become  saturated  to  its  full 
depth,  including  the  rocky  strata.  It  is  the  surplusage  of  the 
precipitation  of  the  year  which  appears  first  in  the  form  of 
streams  and  then  in  little  creeks  and  then  in  rivers,  which  final- 
ly reach  the  ocean.  This  is  a  very  elementary  principle  of  me- 
teorology and  would  need  scarcely  to  be  mentioned  were  it  not 
for  the  fact  that  the  ground  supply  has  been  said  to  be  less 
constant  and  abundant  than  the  river  supply.  It  is  only  neces- 
sary to  say  that  in  case  of  sufficient  drouth  the  rivers  would 
dry  up  before  the  rock  reservoirs  would,  and  it  would  be  abso- 
lutely necessary  to  resort  to  the  rock  strata  for  a  supply  of  city 
water,  as  is  now  done  in  many  parts  of  the  western  country. 

2.  Is  It  Suitable  for  the  Uses  of  a  Cityf  1  will  here  call 
your  attention  to  an  important  general  fact  as  to  the  varying 
qualities  of  the  water  derived  from  deep  welU  within  the 
city  limits,  or  sunk  in  the  surrounding  country  into  the  same 
formations.  For  this  purpose  it  is  only  necessary  to  mention 
four  principal  rock  horizons  from  which  water  is  obtained. 
The  deepest  is  the  Hinckley  sandstone.  No,  12  of  the  foregoing 
section,  in  which  wells  are  700  to  800  feet  deep ;  and,  secondly, 
the  Dresbach  sandstone,  600  feet  down ;  third,  the  Jordan  sand- 
stone, 400  to  450  feet  down ;  and  fourth,  the  bottom  of  the  St. 
Peter  sandstone,  about  200  feet  down.  It  is  true  that  water 
can  be  obtained,  though  in  less  quantities,  at  many  intervening 
depths,  but  all  of  the  wells  of  the  city  can  be  roughly  classified 
in  these  four  classes.  It  has  been  found  that  the  water  comii^ 
from  the  greatest  depth  is  the  most  highly  mineralized,  and  the 
water  from  the  least  depth  is  the  most  nearly  soft  and  pure; 
hence,  the  deep  wells  which  reach  700  to  800  feet  and  those 
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which  reach  600  feet  are  found  to  be  objectionable  for  steam- 
Dmtdiig  in  boilers  because  of  their  hardness,  producing  a  very 
troublescmie  scale. .  Such  wells,  therefore,  have  been  objected 
to  very  seriously  and,  since  they  constitute  the  most  used  and 
best  known  wells  in  the  dty,  the  whole  scheme  of  artesian  water 
has  been  tabooed  on  accotmt  of  the  bad  reputation  of  these  Ter}' 
deep  wells. 

The  wells,  however,  which  are  shallow,  coming  from  the 
Jordan  sandstone  or  the  St.  Peter  sandstone,  afford  2  water 
which  is  not  seriously  subject  to  this  objection.  Chemical  an- 
alysts of  the  water  coming-  from  say  400  feet,  shows  that  -the 
water  is  very  palatable,  is  free  from  sulphureted  hydrogen  and 
has  hardness  not  much  in  excess  of  that  of  the  river  water.  I 
can  quote  here  the  following  wells  to  illustrate  this  character  of 
water:  The  wells  at  the  North  Star  Malting  Co.  and  the  wells 
at  City  Workhouse,  at  the  Home  for  Children  and  at  the  North 
Star  Woolen  Mill. 

But  the  wells  from  the  St.  Peter  sandstone,  whether  at  the 
full  depth  of  200  feet  or  less  than  200  feet,  afford  a  water  which 
is  still  softer.  This  is  probably  due  to  the  fact  that  this  water 
is  more  nearly  like  the  surface  drainage  of  this  part  of  the  state, 
not  having  come  into  contact  with  contaminating  minerals,  and 
is  more  directly  dependent  on  the  Mississippi  river.  The  chem- 
ical character  of  this  water  is  illustrated  by  analyses  of  the  fol- 
lowing wells :  Groveland  Flats,  the  Baushfield  Wooden  Works, 
Washburn  "C"  mill,  Washburn  "B"  mill,  the  C.  A.  Smith  well 
at  Camden  Place,  and  numerous  others. 

It  is  quite  evident  therefore  that  the  water  which  is  derived 
from  the  St.  Peter  sandstone  does  not  differ  materially  from 
the  spring  water  which  is  distributed  through  the  city  and  sold 
from  wagons,  and  that  it  is  a  little  softer  than  the  river  water 
in  winter.  It  is  also  evident  that  the  water  derived  from  the 
Jordan  sandstone  is  of  a  superior  quality  and  fit  for  all  domestic 
purposes  and  could  be  used  in  boilers,  though  in  scune  cases 
perhaps  requiring  a  softener. 

3.  Can  It  Be  Pumped  to  the  City  Reservoir?  Owing  to  the 
existence  of  these  basins  below  the  whole  dty  and  extending 
widely  into  the  country,  it  is  evident  that  deep  wells  could  be 
sunk  successfully  to  them  at  any  place  in  the  dty  limits.  Since 
the  water   rises   sometimes  to   overflow  and   sometimes   to 
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short  depth  below  the  surface,  it  is  a  practical  mediani- 
cal  question  whether  the  water  can  be  handled  and  can 
be  pumped  to  the  existing  city  reservoir  in  northeast  Min- 
neapolis. This  question  is  one  of  hydraulic  wigineering, 
which,  to  a  man  who  does  not  profess  to  be  an  engineer,  seems 
to  be  quite  simple,  but  it  is  left  to  the  decision  of  those  who  are 
expert  in  the  handling  of  water.  I  would  make,  however,  only 
this  remarit,  namely,  that  it  seems  as  if  it  were  as  easy  to  force 
water  from  the  surface  of  the  ground  from  these  deep  wells  to 
the  reservoir  as  to  force  the  river  water  to  the  same  place. 
Which  Basin  Should  Be  Used? 

Owing  to  the  iact  that  the  deepest  wells  afford  a  highly  min- 
eralized water,  and  the  shallower  wells  afford  a  good  water 
suitable  for  all  uses,  we  will  discard  entirely  further  considera- 
tion of  the  water  from  those  deep  wells  and  will  concentrate 
attention  upon  the  wells — say  from  the  St.  Peter  sandstone. 
At  the  present  time  we  take  this  course — not  because  the  water 
from  the  Jordan  sandstone  is  not  equally  good — ^but  because  of 
the  greater  availability  of  the  more  shallow  basin  and  because 
of  certain  variations  and  interesting  complications  which  at- 
tend this  basin  within  the  city  limits. 

Extent  and  Variations  of  the  200  Foot  Basin. 

South  of  Bassett's  creek  on  the  west  side  of  the  river  and 
north  of  Bassett's  creek  and  at  a  distance  from  the  Mississippi, 
and  in  some  parts  of  East  Minneapolis,  extending  slightly  into 
Anoka  county  and  into  Ramsey  county,  the  Trenton  limestone 
covers  the  St.  Peter  sandstone,  but  throughout  a  wide  belt  ex- 
tending from  the  north  and  turning  westward  and  southwest- 
ward  through  the  city  limits  this  Trenton  limestone  is  wanting 
and  of  course  the  drift  deposits  come  down  directly  into  con- 
tact with  the  St.  Peter  sandstone  throughout  that  wide  belt. 
This  wide  belt  through  which  the  Trenton  limestone  is  wanting 
is  the  lower  ground;  the  Mississippi  river  lies  in  it  from  the 
north  boundary  of  the  city  to  the  mouth  of  Bassett's  creek;  it 
then  turns  westward  up  Bassett's  creek  to  near  the  Glenwood 
Springs  at  the  angle  of  Bassett's  creek.  The  belt,  however, 
continues  westwardly  and  southwestwardly  to  the  Minnesota 
valley  above  Fort  Snelling.  The  beautiful  and  interesting  little 
lakes  in  the  western  part  of  the  city  lie  in  this  belt  where  the 
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Trenton  limestone  is  wanting.  It  is  found  also  that  the  St. 
Peter  sandstone  itself  is  very  much  reduced  in  thickness  and 
that  there  is  quite  an  accumulation  of  drift  materials  upon  the 
remaining  portion  of  the  St.  Peter  sandstone  throughout  this 
belt.  It  seems  that  for  a  long  period  of  time  before  the  Glacial 
period  the'  Mississippi  river,  instead  of  flowing  over  the  falls 
of  St.  Anthony,  had  a  course  southwestwardly  across  the  city, 
occupying  this  excavated  portion  of  the  St.  Peter  sandstone. 
This  excavation  is  known  to  extend  northward  up  the  Missis- 
sippi valley  as  far  as  the  St.  Peter  sandstone  is  know  to  extend. 
The  width  of  this  old  gorge,  if  we  disregard  the  drift  filling, 
varies  from  half  a  mile  to  a  mile  and  a  half,  or  perhaps  two 
miles,  having  an  average  width  at  least  of  a  mile. 

The  drift  which  lies  in  this  old  gorge  is  frequently  a  lamin- 
ated fine  clay,  having  a  thickness  of  sometimes  lifty  feet.  It  - 
can  be  seen  at  all  the  brick  yards  in  the  north  part  of  the  city, 
and  it  serves  to  seal,  almost  hermetically,  the  St.  Peter  sand- 
stone upon  which  it  lies,  constituting  a  barrier  against  the  frei 
passage  of  water  from  the  sandstone  upward  or  from  the  sur- 
face downward.  The  area  throughout  which  this  gorge  is 
known  to  exist  amounts  to  13J4  square  miles  in  the  city  limits. 
The  structural  relations  of  the  drift,  whether  it  be  till  or 
clay,  or  gravel  and  sand,  to  the  St.  Peter  sandstone  and  to  this 
old  gorge  are  generalized  in  this  diagram : 
Fig.  .3 — Water  Relations  at  the  Glenwood-Inglewood  Springs. 
This  diagram  shows  that  the  drift,  in  mwe  or  less  unmodi- 
fied state,  lies  upon  the  Trenton  limestone  outside  of  this  old 
gorge,  and  constitutes  the  higher  land  to  the  northwest  and  to 
the  northeast,  as  well  as  to  the  east  and  west.  The  surface 
water  which  falls  upon  these  higher  drift  deposits,  sinking  into 
the  gravel  and  sand,  is  shed  in  the  springs  at  the  top  of  the 
Trenton  limestone  wherever  the  Trenton  limestone  is  exten- 
sive enough  and  impervious  enough  to  shed  it  in  considerable 
quantity.  The  surface  water  which  falls  upon  the  brick  clay 
area,  sinking  into  the  sands  which  cover  the  brick  clay,  is  shed 
either  into  Bassett's  creek  or  into  the  Mississippi. 

There  are  also  areas  where  the  till  of  the  drift  operates  in 
the  same  manner  as  the  Trenton  limestone  and  in  the  same  way 
as  the  laminated  brick  clay  to  confine  water  and  also  to 
shed  Water.    Water  which,  sinking  downward,  reaches  this  till 
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layer  is  ahed  in  the  form  of  springs  along  its  upper  surface,  and 
water  which  lies  below  it  is  confined  under  hydrostatic  pressure. 
The  detailed  relations  between  the  surface  waters  shed  in  that 
way  and  the  water  of  the  St.  Peter  sandstone  which  lies  below 
the  laminated  clay  cannot  be  ascertained.  It  is  known,  how- 
ever, that  in  many  places  wells  which  penetrate  the  St.  Peter 
sandstone  through  the  laminated  clay  furnish  an  artesian  flow 
of  excellent  water  in  large  amount.  It  is  also  known  that  some 
wells  which  penetrate  the  till  of  the  drift  likewise  furnish  an 
excellent  water  in  large  amount.  The  chemical  resemblance 
between  these  two  waters  will  not  allow  of  their  being  distin- 
guished one  from  the  other,  and  it  is  also  reasonable  to  infer 
that  they  actually  are  practically  one  and  the  same,  especially 
where  the  till  which  furnished  such  flow  lies  within  the  old 
gorged  Indeed,  it  seems  not  only  possible  but  probable  that  the 
till  here  spoken  of  graduates  into  the  laminated  clay  impercep- 
tibly and  with  it  constitutes  but  one  sheet  of  drift,  which  was 
modified  in  accordance  with  the  conditions  attending  its  depo- 
sition. 

One  of  the  most  interesting  observations  can  be  made  in  the 
valley  of  Bassett's  creek,  just  above  the  angle  of  the  creek,  at 
the  Glenwood-Inglewood  "springs,"  so-called.  The  accom- 
panying diagram  (above)  shows  the  structural  relations  be- 
tween the  different  parts  of  the  drift  and  the  sandstone,  and  the 
different  water  basins.  It  can  be  seen  that  along  the  upper 
slopes  of  the  bluffs  which  enclose  Bassett's  creek  there  is  a  se- 
ries of  springs,  the  water  of  which  is  shed  either  by  the  Tren- 
ton limestone  or  by  the  till,  or  by  both,  these  springs  being — 
say — fifty  feet  above  Bassett's  creek  and  furnishing  an  excel- 
lent water  coming  entirely  from  the  drift  deposits.  Whether 
the  water  of  these  springs,  which  is  still  gathered  into  pipes  and 
which  flows  to  waste,  was  ever  used  for  distribution  throughout 
the  city  of  Minneapolis  I  do  not  know,  but  at  the  present  time 
the  water  which  is  distributed  to  the  city  of  Minneapolis  from 
these  "springs"  is  derived  from  below  the  till  deposit  and  it 
rises  above  the  surface  in  the  form  of  an  artesian  water  to  the 
hight  of  — say — twenty  feet  above  Bassett's  creek.  Several 
tubular  wells  have  been  sunk  by  the  proprietors  through  the 
till,  which  is  said  to  be  pebbly  but  not  stony,  into  a  water-bear- 
ing stratum  of  sand.    What  lies  below  the  sand  has  not  beet* 
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ascertained  but  of  course  it  is  the  St.  Peter  sandstone,  and  the 
water  contained  in  the  St.  Peter  sandstone,*  more  or  less  under 
hydrostatic  pressure  at  that  place,  permeates  the  drift  sand  and 
rises  through  these  tubes  and  overflows  at  a  hight  of  about,  as 
I  said,  twenty  feet  above  Bassett's  creek.  It  is  conducted  in  un- 
derground pipes  and  rises  to  the  roof  of  the  buildings  adjacent 
where  it  is  allowed  to  flow  constantly  and  from  which  buildings 
it  is  conducted  into  wagon  tanks  by  the  simple  action  of  gravity. 
The  capacity,  or  rather  the  amount  of  water  supplied,  by  these 
"springs"  for  the  city  of  Minneapolis  daily  is  about  10,000 
gallons,  and  the  superintendent  stated  that  they  could  supply 
ten  times  as  much  if  there  were  a  demand.  It  might  also  be 
added  that  if  there  were  a  demand  these  same  little  artesian 
wells  could  be  sunk — say  loo  feet  deeper,  and  would  furnish 
perhaps  several  million  gallons  daily,  and  if  the  number  of 
these  wells  were  increased  the  reservoir  would  probably  be 
found  inexhaustible,  in  the  same  manner  as  other  wells  sunk 
in  the  St,  Peter  sandstone. 

From  what  has  been  stated  it  will  be  seen  that  the  water  de- 
rived from  the  St.  Peter  basin  cannot  mingle  with  the  surface 
drainage  water  throughout  the  area  of  this  belt  or  gorge  for- 
merly occupied  by  the  Mississippi  river,  that  is,  not  on  a 
)arge  scale.  The  surface  waters  are  shed  either  by  the  Trenton 
limestone  or  by  the  laminated  clay  or  by  the  till  and  produce  a 
series  of  springs  which  is  entirely  distinct  from  any  spring 
which  issues  from  the  St.  Peter  sandstone,  although,  of  course, 
there  may  be  subterranean  seepages  and  sometimes  considerable 
passages  which  will  conduct  the  surface  water  into  the  under- 
ground reservoir  even  in  the  limits  of  Minneapolis.  These 
small  seepages  downward  of  the  surface  water,  however,  art 
very  inconsequential,  since  the  underlying  water  is  under  hy- 
drostatic pressure  and  the  tendency  is  for  the  underlying  water 
to  crowd  upward  to  the  surface,  driving  the  surface  waters 
away.  Thus,  the  subterranean  rock  basin  is  kept  pure  in  the 
dty  of  Minneapolis,  not  admitting  the  surface  water,  while  at 
more  remote  points,  where  the  St.  Peter  sandstone  rises  to  the 
natural  surface,  it  necessarily  receives  the  surface  water  freely, 
a  fact  which  has  already  been  mentioned  and  which  constitutes 
the  supply  which  maintains  the  underground  waters  of  the 
basin. 
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The  cwKhisioii  to  which  we  are  driven,  by  reasonable  con- 
sideration of  the  facts  that  I  have  presented,  ts  necessarily  that 
throughout  this  gorge  wells  may  be  sunk  through  the  clay  or 
drift  deposits,  whatever  they  may  be,  and  into  the  St.  Peter 
sandstone,  and  that  they  will  afford  water  of  the  best  quality, 
which  vill  in  many  places  flow  over  the  surface  and  which  will 
in  all  cases  rise  at  least  to  the  level  of  the  Mississippi  river. 
The  area  of  this  belt  amenable  to  such  uses  is  about  i$l4  square 
miles. 
Artesian  Waier  From  the  Bottom  of  the  St.  Peter  Sandstone. 

I  will  call  your  attention  now  to  the  diagram  (Fig.  4)  and 
especially  to  No.  4  of  that  diagram,  which  represents  a  shale 
within  the  St.  Peter  sandstone.  This  shale  is  sometimes  all  in 
one  bed  and  is  from  one  to  two  or  three  feet  thick,  but  accord- 
ing to  the  testimony  of  well-drillers  it  is  sometimes  separated 
into  two  or  three  thinner  sheets  and  is  then  interlaminated 
with  sand,  the  whole  amounting  to  perhaps  five  feet.  This 
.  shale  bed  serves  as  a  confining  stratum  for  waters  under  hy- 
drostatic pressure  which  are  in  the  St.  Peter  sandstone  below. 
In  some  places  this  shale  is  represented  to  be  near  the  bottom 
of  the  St.  Peter  and  in  other  places  it  is  represented  to  be  about 
thirty  feet  above  the  bottom  of  the  St.  Peter  sandstone.  My  at- 
tention was  first  called  to  the  existence  of  this  shale  and  its  ac- 
tion upon  the  waters  confined  below  it  by  the  record  of  a  deep 
well  which  I  noticed  and  reported  in  1882.  It  affords  an  over- 
flow of  artesian  water  i»  the  deep  well  at  the  Washburn  C 
mill,  so-called,  situated  near  the  river  on  the  west  side,  oppo- 
site the  falls  of  St.  Anthony.  The  record  states  that  below  the 
clay  or  shaje  is  a  coarse  white  sand  rock,  from  which  water  rises 
to  the  swrface  from  the  depth  of  183  feet.  As  the  water  here 
rises  to  the  surface  of  the  ground  there  is  an  indication  that 
the  stratum  of  clay  is  of  considerable  extent  laterally.  This 
shale  bed  is  probably  passed  through  by  every  drilled  well  that 
goes  to  that  depth.  In  some  cases  it  is  distinctly  noted  in  the 
record  of  deep  wells,  but  in  many  cases  it  is  not  noted,  the  dril- 
lers having  ignored  it.  In  the  West  Hotel  well  this  shale  was 
met  at  a  depth  of  168  feet,  and  in  the  sand  rock  below  it  was 
found  the  first  water  at  a  depth  of  178  feet.  Shakc^e  lime- 
stuie  was  then  met  at  a  further  depth  of  24  feet.  In  this  well 
also  this  shale  which  gave  the  first  water  was  disregarded. 
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I  An  inionncd  by  Mr.  McCarty,  who  has  driUed  maoy  wells 
ia  the  city  of  Minneapolis  aad  in  the  surrouBding  country,  and 
in  St.  Paul,  that  habitual^  water  rises  nearly  or  quite  to  the 
surface  from  below  this  ^le.  Mr.  Hogeland  states  that  he 
has  drilled  mc«e  than  50  wells  in  the  city  which  obtained  abun- 
dant water  from  below  this  shale,  the  water  rising  nearly  or 
quite  to  the  surface.  Mr.  McCarty  states,  however,  that  al- 
though it  is  impoGsible  to  exhaust  the  water  found  in  this  under- 
lying sandstone,  in  case  of  hard  pumping,  the  sand  itself,  which 
is  incoherent,  is  apt  to  come  with  the  water  and  injures  the 
pumps.  In  order  to  obviate  this  difficulty  he  has  resorted  to  an 
ingenious  method  of  sinking  the  well  into  the  underlying  lime- 
stone (the  Shakopee),  which  he  finds  is  fissured  and  veined 
and  so  open  that  water  usually  flows  freely  into  the  bore  hole. 
Such  water  is  the  same  as  in  the  sandstone  above,  and  passes 
downward  into  the  crevices  of  the  limestone,  which  acts  as 
a  filter  and  abstracts  the  sand  before  it  reaches  the  bore  hole. 
This  water-bearing  stratum,  lying  below  this  shale,  is  substan- 
tially the  same  water  as  in  the  sandstone  above  the  shale,  but 
as  a  system  of  wells  these  should  be  kept  distinct  from  those  of 
the  St.  Peter  sandstone  already  mentioned,  held  under  hydro- 
static pressure  by  the  brick  clay. 

While,  as  already  stated,  the  ground  and  the  rocks  underly- 
ing are  permeated  by  water  and  often  saturated,  there  should 
be  made  an  important  exception  so  far  as  Minneapolis  is  con- 
cerned. Not  only  is  the  drift  itself  drained  sometimes  very  dry, 
by  reason  of  the  shedding  of  the  surface  waters  by  means  of 
springs  into  lakes  and  streams,  but  the  St.  Peter  sandstone  it- 
self is  in  many  places,  especially  in  proximity  to  the  river  gorge 
below  the  falls  of  St.  Anthony,  found  to  be  dry  through  its 
upper  25  to  30  feet.  The  dryness  of  the  St.  Peter  sandstone 
of  course  has  to  be  attributed  to  the  action  of  the  river  gorge 
in  draining  the  upper  portion  of  the  sandstone  down  to  the  level 
of  the  river,  below  the  falls  of  St.  Anthony.  At  some  distance 
from  the  river  gorge  beyond  the  immediate  action  of  the  drain- 
age of  the  river  this  sandstone  is  filled  with  water. 

Objections. 

I  wish  to  consider  now  some  objections  that  have  been 
brought  against  the  idea  of  deep  well  water  for  the  city.. 
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Too  Hard. — ^It  has  already  been  stated  that  the  character  of 
the  water  derived  from  the  deepest  wells  has  unfortunately  cast 
a  shadow  of  disrepute  upon'alJ  the  deep  well  waters  of  the  city. 
We  propose  to  discard  all  of  those  deep  wells  and  thus  to  elim- 
inate that  objection,  resorting  to  the  shallower  wells,  w;hich  af- 
ford a  water  substantially  like  the  river  water  but  sometimes 
more  soft. 

Not  Enough. — It  is  hard  to  say  from  what  facts  any  objec- 
tion of  this  character  can  be  derived.  There  are  absolutely  no 
facts  that  tend  to  show  the  limited  amount  of  water  in  the  ar- 
tesian basin.  Probably  never  was  a  well  sunk  the  depth  of  100 
feet  in  the  cjty  of  Minneapolis  without  finding  water.  At  this 
place  I  will  call  your  attention  to  the  accompanying  map  of  the 
city  (fig.  5)  on  which  are  indicated  some  artesian  wells  of  the 
city  which  reach  a  depth  of  not  more  than  450  feet,  and  most 
of  which  are  about  200  feet.  You  will  see  that  they  are  widely 
■distributed,  and  many  of  them  are  flowing  wells.  I  have  also 
obtained  from  some  of  the  well-drillers  lists  of  wells  of  this 
kind  which  they  have  drilled  within  the  city,  namely,  a  list 
from  Mr.  J.  F,  McCarty,  a  list  from  Mr.  S.  Swenson,  and  a 
list  from  Mr.  Hogeland.  These  lists  are  herewith  appended. 
Some  of  these  welts  are  4  inches  in  diameter,  some  are  6  inches 
in  diameter,  and  some  are  10  inches  in  diameter,  and  they  have 
been  pumped  so  as  to  afford  the  number  of  gallons  per  minute 
expressed  in  the  column  at  the  right.  These  lists  not  only  give 
the  depth,  but  the  date  when  bored,  the  exact  locality,  the  size 
of  the  bore  hole,  the  capacity  of  the  well  when  pumped,  the  level 
at  which  the  water  stands  or  overflows,  and  various  other  data 
important  in  this  investigation.  It  should  be  stated  also  that 
these  well-drillers,  all  of  them,  state  that  these  lists  do  not  ex- 
press all  of  the  facts,  but  that  they  have  drilled  probably  as 
many  more  wells  than  these  listed  within  the  city  limits,  but 
cannot  give  exact  data  because  they  kept  no  records. 

Formerly,  others  made  deep  wells  in  the  city,  viz. :  Messrs. 
Whelpley,  Spear  and  Swan,  but  they  are  dead  or  have  left  the 
city. 

This  showing  of  wells  of  this  kind  distributed  throughout 
the  city  is  suflScient  to  attest  the  inexhaustible  supply  which 
can  be  obtained  from  such  wells,  and  to  verify  the  calculation 
made  as  to  the  capacity  of  these  basins  based  on  their  geo- 
graphic extent. 
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Cannot  Be  Pumped  200  Feet  Up. — Some  have  brought  the 
objection  against  these  wells,  namely,  those  about  200  feet,  that 
there  is  a  mechanical  obstacle  which  cannot  be  overcome,  in 
the  fact,  as  assumed,  that  the  water  must  be  pumped  200  feet 
from  its  starting  point,  but  this  objection  rests  upon  a  misap- 
prehension of  the  fact  that  the  water  does  not  have  to  be 
pumped  •  from  200  feet  underground.  It  rises  to  the  surface 
or  near  the  surface  and  can  as  easily  be  pumped  as  any  water 
at  the  surface. 

Contaminated  by  Sewage. — It  has  been  stated  that  the  sewers 
of  the  city  excavated  in  the  St.  Peter  sandstone  below  the  Tren- 
ton limestone  would  more  or  less  affect  the  waters  that  would 
be  derived  from  the  St.  Peter  sandstone  and  render  them 
objectionable  for  city  uses.  There  are  two  or  there  mis- 
apprehensions involved  in  this,  objection.  First,  the  sewers 
are  practically   watertight,  or  become  so  at  least  after  a 

List  of  Wells  Less  Than  450  Feet  Deep. 
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few  years  of  use;  second,  they  are  all  within  the  uppermost 
portion  of  the  St.  Peter  sandstone,  and  are  below,  that  is, 
south  of  the  valley  of  Bassett's  creek,  and  wells  which  would 
be  depended  upon  in  that  area  would  necessarily  pene- 
trate much  deeper  than  these  sewers  and  vouM  obtain  a  water 
from  the  stratum  below  the  shale  which  is  in  the  St.  Peter 
sandstime,  as  already  described ;  third,  the  St.  Peter  sandstone 
operates  as  a  filter  to  abstract  any  impurities  which  might  re- 
sult from  the  sewers,  a  filtration  which  would  be  many,  many 
times  thicker  and  more  effective  than  any  filtration  through  a 
layer  of  sand  mechanically  formed  for  the  purpose  of  filtra- 
tion; fourth,  these  impurities  would  necessarily  be  drained 
from  the  surface  of  the  sandstone,  if  they  twee  entered  it  and 
were  carried  along,  into  the  Mississippi  river.  They  could  not 
permeate  the  general  body  of  water  contained  in  the  sandstone. 
A  current  of  water  goes  where  it  is  freest  to  flow.  The  surface 
i>  the  freest  and  the  lightest  portions  rise  to  the  surface.  The 
body  of  pure  water  lying  below  has  the  greatest  specific  gravity 
and  is  under  hydrostatic  pressure  and  would  reject  impurities 
that  would  have  a  tendency  otherwise  to  enter  the  St.  Peter 
sandstone  and  compel  the  drainage  into  the  sewers  rather  than 
out  from  the  sewers. 

This  can  be  illustrated.  Did  you  ever  see  a  peat  swamp 
through  which  ran  a  stream?  Have  you  seen  the  enormous 
peat  swamps  in  the  northern  part  of  the  state,  particularly  that 
one  which  is  ncalhwestward  from  Duluth,  drained  by  the  St. 
Louis  river?  Any  bog  is  permeated  by  water  constantly,  and 
in  this  great  swamp  for  a  width  of  several  townships,  but  the 
river  flows  in  its  own  channel,  without  reducing  the  water  of 
the  bog  in  general.  It  enters  at  the  upper  end,  follows  the  chan- 
nel, passes  out  at  the  lower  end.  It  has  but  little  effect  upon  the 
water  standing  in  the  bog,  but,  on  the  contrary,  it  is  affected  by 
the  niters  of  the  bog;  they  pass  slowly  into  the  river  instead 
of  the  river  into  the  bog.  In  the  same  manner,  a  channel  of 
flowing  water,  as  in  a  sewer  in  the  St,  Peter  sandstone,  would 
abstract  water  from  the  St.  Peter  sandstone  instead  of  giving 
water  to  it.  It  might,  however,  be  answered  here  that  in  the 
spring  of  the  year,  or  at  flood  time,  the  water  does  encroach 
upon  the  bog  and  raises  the  water  in  the  bog,  and  that  there- 
fore the  bog  is  affected  by  the  stream.    This,  however,  is  more 
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imaginary  than  actual,  since  the  bc^,  like  all  the  surrounding, 
country,  is  affected  by  the  flooded  stage  of  the  season,  and  as 
the  river  itself  rises  and  has  a  tendency  to  overflow,  so  the  bog 
itself  rises  with  the  floods  from  other  sources  and  tends  to  re- 
ject the  overflow  from  the  river  and  to  confine  it  still  within  itK 
own  channel;  this  condition,  furthermore,  is  comparable  with 
the  sever  channel  only  when  the  sewer  is  completely  filled  and 
its  contents  have  a  tendency  to  penetrate  its  openings;  fifth, 
and  lastly,  no  driller  of  deep  wells  vould  for  a  moment  leave 
a  well  uncased  in  which  there  was  a  possibility  of  contamina- 
tion from  surface  waters  or  from  sewers.  Such  casing  is  al- 
ways driven  doTn,  after  putting  a  shoe  Mpcm  the  bottom  of  the 
tube,  until  it  reaches  some  portion  of  the  rock  so  firm  that  it 
cannot  be  driven  further,  or,  until  every  possibility  of  surface 
contamination  is  surely  shut  off. 

On  the  north  side  of  Bassett's  creek,  whether  there  be  sewers 
or  not  in  the  St.  Peter  sandstone,  the  sandstone  is  so  crowded 
with  water  under  hydrostatic  pressure,  that  water  would  be 
driven  into  the  sewer,  in  case  of  any  evening  in  the  sewer, 
rather  than  into  the  sandstone  from  the  sewer. 

Too  Expensive. — About  four  years  ago  the  writer  delivered 
an  address  before  the  Six  O'Clock  Qub,  of  this  city,  in  which 
he  set  forth  these  facts  and  urged  the  use  of  artesian  waters 
for  the  city.  He  did  not  touch  upon  the  question  of  cost  of  the 
proposed  scheme,  but  simply  set  forth  the  possibilities  of 
ground  water  and  mentioned  that  a  few  wells  sunk  for  a  test 
would  not  cost  very  much.  What  was  his  surprise  in  next 
morning's  Tribune  to  find  a  very  flaming  account  of  the  ex- 
pensive proposition  which  would  involve  an  expenditure  of 
$1,250,000.00,  which  plan  had  been  submitted  to  the  best  civil 
engineers  and  to  physicians  in  Minneapolis,  who  admit  its  prac- 
ticability and  acknowledge  its  value  "as  a  broad  gauge  road  to 
public  health."  The  reporter,  who  must  have  been  a  man  of 
lively  imagination,  goes  on  to  state  that  the  plan  as  stated  by 
professor  Wincbell  involved  the  sinking  of  ninety  wells  in  or- 
der to  produce  30,000,000  gallons  a  day ;  that  the  cost  of  sinking 
such  wells  would  be,  as  stated,  one  million  and  a  quarter  of  dol- 
lars ;  "but,"  the  reporter  continues,  "the  cost  of  $450,000.00 
would  construct  a  filtration  basin  and  plant  against  the  cost 
proposed  by  the  sinking  of  the  deep  wells ;  that  is,  less  than  half 
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as  much  as  the  proposed  project  of  deep  wells,  one  project  be- 
ing about  as  efficient,  according  to  Mr.  J.  T.  Fanning,  as  the 
other." 

Considering  the  fact  that  the  speaker  had  said  nothing  what- 
ever as  to  the  aggregate  cost,  and  considering  the  recent  esti- 
mates which  have  been  made  as  to  the  cost  of  a  filtration  plant, 
the  transparent  effort  to  evade  the  arguments  and  to  divert  at- 
tention from  the  merits  of  the  artesian  scheme,  as  published  in 
the  Tribune,  seems  quite  amusing. 

I  have  no  definite  data  upon  which  a  very  positive  statement 
can  be  made  as  to  the  cost  of  a  system  of  deep  wells  to  supply 
30,000,000  of  gallons  per  day  for  the  city.     I  have,  however, 
the  estimates  of  some  experienced  well-drillers  as  follows : 
Rates  for  Sinking  Wetls. 

Wells  200  ft.  deep,  T2-in.  bore $4.00  per  foot 

Wells  400  ft.  deep,  i2-in.  bore 3.50  per  foot 

Wells  60D  ft.  deep,  12-in.  bore 3.50  per  foot 

It  was  thought  by  this  gentleman  that  forty  12-in.  wells,  at 
400  feet  depth,  cased  to — say  150  feet,  would  supply  30,000,000 
of  gallcHis  of  water  per  twenty-four  hours. 

Another  gentleman  gave  the  following  estimates  off-hand : 

Wells  200  ft.  deep,  12-in.  bore $5.00  per  foot 

Wells  400  ft.  deep,  12-in,  bore 4,50  per  foot 

Wells  600  ft.  deep,  12-in.  bore 4.50  per  foot 

The  average  well  is  about  10  inches  in  diameter.  This  gen- 
tleman estimates  that  forty  12-inch  wells  would  supply  about 
15,000,000  or  20,000,000  of  gallons  per  day. 

Each  of  these  wells  ought  to  supply  half  a  million  gallons  per 
day,  and  from  some  a  million  and  a  quarter  in  a  12-inch  well 
has  been  afforded  in  a  day.  This  was  a  test  well  at  the  St.  Paul 
works  at  Centerville  lake.  If,  however,  the  wells  upon  which 
the  city  should  depend  were  to  be  in  the  St.  Peter  sandstone 
they  would  averi^e,  say,  200  feet  deep,  but  probably  considera- 
bly less.  According  to  the  first  of  the  foregoing  estimates  each 
well  would  cost  $800.00,  and  forty  wells  $32,000.00. 

According  to  the  second  estimate  each  well  would  cost  $l,- 
000,  and  forty  wells  would  cost  $40,000,00. 

Suppose  this  total  is  subject  to  great  error  and  the  number 
of  wells  should  be  necessarily  more  than  forty,  or  that  the  cost 
ihould  exceed  the  amount  per  foot  given  and  suppose  that  the 
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expenses  of  installing  the  system  and  connecting  it  with  the 
present  pumping  station  were  to  be  included,  it  would  be  at 
least  a  liberal  estimate  still  to  place  the  total  cost  not  to  exceed 
$IOO,0OO.C». 

Experience  in  St.  Paul  and  Other  Cities. 

St.  Paul  City  Deep  Wells.—Tht  water  system  of  St.  Paul  is 
primarily  one  of  lakes.  By  a  series  of  conduits  water  is  con- 
ducted from  a  number  of  small  lakes  mostly  in  the  northern 
part  of  Ramsey  county,  but  partly  in  Anoka  county,  as  shown 
on  the  map  furnished  me  by  Mr.  Winslow,  of  the  St.  Paul  En- 
gineering Department,  who  has  charge  of  the  deep  wells  oper- 
ated by  the  dty. 

It  was  found  that  the  supply  was  insufficient  and  resort  was 
had  to  deep  wells.  There  are  two  systems  of  these  wells,  the 
Centerville  and  the  Vadnais  lake  systems.  A  successful  test 
well  was  sunk  at  Vadnais  lake  in  1891,  and  this  system  has  now 
increased  to  ten  wells.  Of  these,  seven  are  shallow  wells,  not 
going  into  the  rock  but  they  are  deep  enough  to  obtain  water 
tidm  the  Jordan  sandsbme.  This  system  has  a  capacity  of 
4,200,000  gallons  per  day.  This  water  is  pumped  into  the  main 
conduit  as  it  passes  from  Vadnais  lake.  Mr.  Winslow  also 
gave  me  a  blue  print  of  the  ground  plan  and  section  of  the 
Vadnais  lake  system.* 

The  deepest  well  of  this  system  was  put  down  last  year,  and 
it  is  in  constant  use  in  supplying  pure  water  to  the  lake  water 
reservoir  at  Vadnais  lake,  although  the  full  capacity  of  the 
Vadnais  Lake  system  is  used  only  in  summer  when  the  lakes 
run  low.  The  CenterviHe  system  was  developed  during  1896. 
Here  are  28  wells,  of  which  18  are  shallow,  depending  on  the 
gravel  in  the  surface  of  the  drift  for  their  supply,  and  10  are 
drilled  into  the  rock,  obtaining  a  supply  from  the  Jordan  sand- 
sttme.  These  deep  wells  are  10  inches  in  diameter,  but  the 
shallow  wells  are  8  inches.  The  shallow  wells  are  62  to  100  feet 
in  depth,  the  deep  well  from  350  to  523  feet  deep,  situated  along 
the  shore  of  Centerville  lake.  Each  well,  as  shown  by  the  ac- 
ccHUpanying  blue  print,  has  a  separate  connection  with  the  main 
pipe,  making  it  possible  to  ctnmect  up  and  test  any  well,  or  any 
number  of  them  whenever  desired.    The  capacity  of  the  Cen- 

*Blae  prints  were  shown. 
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terville  system  is  not  definitely  known,  but  is  estimated  to  be 
10,000,000  gallons  daily.  It  was  tested  with  a  pump  of  15,000,- 
000  gall<xi  (per  day)  capacity,  a  few  years  ago,  but  was  found 
to  be  unable  to  supply  that  amount. '  The  drift  wells  were 
lowered,  and  the  farmers  in  the  vicinity  who  have  numerous 
flowing  wells  in  the  drift  complained  because  their  wells  ceased 
flowing,  and  threataied  suit  for  damages  against  the  city  of  St. 
Paul.  The  pumping  was  stopped,  and  since  then  the  Center- 
ville  wells  have  not  been  used. 

The  total  capacity  of  the  St.  Paul  deep  wells,  according  to 
Mr.  Winslow,  is  over  12,000,000  gallons  per  day,  and  the  aver- 
age daily  consumption  from  all  sources  (for  1904)  was  9,600,- 

000  gallons.  The  amount  pumped  frc»n  deep  wells  tn  summer 
into  the  main  cniduit  is  4,200,000  gallons  from  the  Vadnais 
lake  system  alone,  there  being  at  present  no  demand  for  the 
Centerville  system,  which  is  held  as  a  sort  of  reserve  in  case 
of  any  emei^ency.  The  wells  are  used  even  when  not  needed 
because  of  scarcity,  in  order  to  cool  and  purify  the  lake  water, 
removing  the  swampy  taste  and  also  apparently  killing  the 
micro-organisms.  The  temperature  of  the  well  water  is  46° 
and  that  of  the  lakes  in  summer  about  70°, 

The  cost  of  the  St.  Paul  system  at  Centerville  was  $109,000, 
and  of  this  the  outlay  for  the  wells  themselves  was  $20^433,  ^i^ 
rest  being  for  piping  and  pumping  outfit  and  for  right  of  way. 

1  have  no  figur-es  for  the  cost  of  the  Vadnais  lake  system. 

It  is  current  rumor  at  Minneapolis  that  the  St.  Paul  artesian 
well  system  is  a  failure,  and  that  it  is  proposed  to  resort  to 
some  other  plan  of  water  supply.  I  made  particular  inquiries 
as  to  the  truth  in  this  rumor,  and  was  told  that  there  was  no 
known  objection  on  the  score  of  the  quality  of  the  water  to  the 
present  system,  especially  the  shallow  wells  at  Centerville.  If 
there  was  any  possible  objection  it  would  lie  against  the  lake 
system  on  account  of  the  swampy  taste  in  summer,  and  the 
micro-organisms  that  develop,  in  it.  As  to  quantity,  the  city 
obtains  from  the  Vadnais  lake  system  all  that  is  needed  to 
supplement  the  lake  supply.  The  idea  of  abandoning  or  chang- 
ing the  water  system  of  St.  Paul  was  never  broached  nor  hint- 
ed at  in  the  Water  Beard.  This  was  the  statement  of  Mr. 
Winslow,  who  has  had  charge  of  the  system,  or  at  least  has 
been  connected  with  it,  for  14  or  15  years.     It  is  probably  safe 
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to  predict  that  in  the  future,  as  in  the  past,  the  St.  Paul  deep 
Weill  Till  increase  both  in  number  and  in  popular  esteem. 

StUhoater. — McKusick  lake  has  until  last  year  been  the 
source  of  water  for  the  dty  of  Stillwater.  But  because  of  its 
inqnmties  it  has  been  abandoned  and  artesian  water  has  been 
adopted  by  the  city. 

Winnipeg. — Owing  to  reports  that  the  artesian  supply  at 
Winnipeg  had  failed,  and  that  resort  was  about  to  be  had  to  fil- 
tration of  river  water,  I  applied  for  information  to  the  city  en- 
gineer of  Winnipeg,  Col,  H,  N.  Ruttan,  asking  him  certain 
questions,  and  from  him  received  the  following  courteous  reply : 

The  geolt^cal  situation  at  Winnipeg  is  quite  analogous  to 
that  of  the  old  river  valley  at  Minneapolis,  the  confining  strat- 
um being  a  laminated  clay  and  till  sheet,  holding  the  water  in 
the  underlying  rock  under  hydrostatic  pressure. 
Letter  from  CoL  H.  N.  Ruttan. 
Mr.  N.  H.  Winchell:— 

Dear  Sir:  In  answer  to  yours  of  the  24th  inst.,  I  have  much 
pleasure  in  sending  you  copies  of  reports  by  Mr.  Rudolph  Herinff 
and  Mr.  Allen  Hazcn  on  our  water  supply. 

I  may  answer  your  questions  as  follows: 

(1)  Did  the  artesian  supply  give  out,  making  it  necessary  to  re- 
sort to  river  water? 

Answer. — No;  the  supply  from  our  well  has  been  constant  in 
amount  since  we  began  pumping  some  five  years  ago.  The  capacity 
of  our  well  is  about  2^  million  imperial  gallons  per  dajr.  It  haa 
often  been  pumped  in  excess  of  that  quantity. 

We  used  river  water  on  the  10th  October  last,  and  again  on  the 
26th  December  to  supplement  our  fire  service,  and  since  early  in 
January  we  have  used  river  water  almost  daily  during  the  hours  of 
heavy  draught. 

We  now  have,  almost  completed,  a  new  well  which  we  hope  will 
give  us  plenty  of  water  for  our  immediate  requirements,  and  last 
until  a  further  extension  of  the  well  system  ts  made,  or  water  is  ob- 
tained from  some  other  source. 

How  our  supply  is  to  be  supplemented  depends  largely  upon  the 
results  of  pumping  at  the  well  and  the  effect  upon  teat  wells  which 
we  are  sinking. 

(2)  Is  the  artesian  supply  apparently  as  good  as  usual,  or  was  it 
some  unusual  emergency  that  overtaxed  the  wells  in  operation? 

Ans.  The  artesian  supply  is  quite  as  good  now  as  it  has  ever 
been.  The  reason  it  is  overtaxed  is  that  our  new  well  has  not  been 
completed  in  time  to  meet  the  increased  number  of  consumers. 

In  1902,  when  an  extension  of  our  supply  was  recommended,  we 
had  about  3,000  connections.    We  have  now  about  7,000  connec- 


jyGooglc    — 


288  Amerkan  Geologist.  ^^-  i**" 

tions,  and  from  40,000  to  45,000  acttwl  consamcn.    The  population 
of  the  city  being  dose  to  100,000. 

Had  the  construction  of  our  new  well  been  completed  three 
months  ago,  there  would  not  have  been  any  shortage  of  water  for 
all  purposes. 

(3)  How  many  artesian  wells  does  the  city  use? 
Ans.    One;  another  being  almost  completed. 

The  first  well  is  17  feet  in  diameter  and  48  feet  deep,  the  bottom 
containing  a  strainer  of  broken  stone  5  feet  deep  with  3  feet  of  con- 
crete on  top,  four  6-inch  pipes  through  the  concrete  admitting  the 
water  from  the  broken  stone.  The  broken  stone  strainer  was  nec- 
essary to  prevent  washing  the  soil  from  outside  the  well  and  un- 
dermining our  building. 

(4)  What  are  their  depths  and  do  they  enter  the  rock  below  the 
drift  of  the  region? 

Ans.  The  new  well  is  6S  feet  deep,  the  last  16  feet  being  in  the 
rock.  The  pump  suctions  of  this  well  will  be  25  feet  lower  than 
those  of  the  first  well.  It  is  the  intention  to  lower  the  latter  when 
the  new  well  is  in  operation. 

It  is  expected  that  we  will  get  about  5,000,000  gallons  from  both 
wells. 

The  drift  is  about  5  feet  deep  on  top  of  the  rock.  It  contains 
water  under  pressure,  probably  received  from  crevices  in  the  rock. 

At  the  location  of  our  wells  before  pumping  the  water  stood  3 
feet  above  ground  level. 

I  enclose  section  of  our  wells. 

Winnipeg  is  now  growing  so  fast  that  we  consider  it  prudent 
to  increase  our  water  supply  for  a  population  of  200,000,  and  we 
are  now  making  investigations  as  to  the  most  desirable  source. 

Let  me  know  if  I  can  gire  you  any  further  information. 
Yours  truly, 

H.  N.  RUTTAN, 
City  Engineer. 

Chemical  Character  of  Water  from  Deep  Wells,  Etc. 

Having  obtained  from  Dr.  Drew  a  statement  of  the  results 
of  chemical  analyses  of  numerous  waters  from  deep  wells  in 
the  city,  and  having  consulted  the  table  of  analyses  performed 
by  A.  D.  Meeds  for  the  "pure  water  commission"  last  year  I 
am  impressed  with  the  capriciousness  with  which  the  chemical 
qualities  appear  to  be  distributed,  making  it  quite  difficult  to 
draw  conclusions  as  to  the  quality  of  water  that  should  be  ex- 
pected from  any  known  well  or  rock  stratum.  For  instance : 
Some  of  the  very  deep  wells  afford  a  water  that  is  (as  reported 
by  the  analysts)  as  soft,  or  as  nearly  soft,  as  some  of  the  shal- 
lower wells.    Compare  the  water  of  the  Midland  Linseed  Oil 
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Company's  well  with  that  of  the  Daniels  Linseed  Oil  well,  the 
former  859  feet  deep  and  the  latter  143  feet  deep.  The  total 
hardness  of  the  shallow  well  is  22.  gruns  per  U.  5.  gallon,  irhile 
that  of  the  deep  well  is  but  16.5  per  U.  S.  gallon,  which  is  ap- 
proximately the  same  as  the  river  water  In  winter.  A  large  per 
cent  of  the  hardness  of  the  shallow  well  in  this  case  arises  from 
the  presence  of  69  grains  per  galloi  of  sulphuric  acid,  which  is 
the  index  of  permanent  hardness.  In  other  respects  they  are 
both  comparatively  soft  waters  and  do  not  differ  materially 
from  the  river  water  in  winter.  What  may  be  the  source  of  this 
large  amonnt  of  sulphuric  acid  in  the  shallow  well  it  is  useless 
to  inquire.  The  Lumber  Exchange  well,  35a  feet  deep,  has  a 
hardness  of  17.5  grains  per  gallon,  a  degree  which  the  river 
water  probably  never  reaches,  but  which  is  but  little  less  than 
that  of  the  West  Hotel  well,  which  goes  to  the  depth  of  650 
feet.  Again,  the  water  of  the  Glenwood-Inglewood  springs 
has  a  total  hardness  of  14.  per  gallon,  and  that  of  the  North 
Star  Malting  Co.,  15.5,  the  former  from  very  shallow  wells  not 
penetrating  the  rock  but  deriving  water  from  the  St.  Peter 
basin,  and  the  latter  from  a  well  420  feet  deep.  The  hardest 
water  reported  is  that  of  the  Chamber  of  Commerce,  32  grains 
per  gallon,  550  feet  deep,'  and  the  softest  water  is  that  from 
the  Groveland  Flats,  13  grains  per  gallon,  172  feet  deep. 

There  are  other  antmialies  that  might  be  mentioned.  For  in- 
stance, the  element  of  hardness  differs  as  much  as  50  per  cent 
when  reported  by  different  analysts,  from  the  same  well.  Some 
wells  may  be  cased  so  that  water  rises  from  a  different  rock 
from  that  which  expresses  the  total  depth  of  the  well,  or  may 
suck  water  from  two  or  more  basins  Some  may  derive  water 
and  certain  peculiarities  from  surface  contamination.  These 
considerations  lead  to  the  necessity  of  great  caution  in  basing 
any  positive  statements  on  the  isolated  analyses  that  are  avail- 
able. 

However,  from  the  chemical  analyses  that  have  been  exam- 
ined it  is  safe  to  draw  the  following  general  conclusions : 

I.  The  wells  over  450  feet  in  depth  have  a  greater  average 
hardness  than  those  less  than  450  feet,  and  some  of  those  that 
derive  water  from  the  St.  Peter  sandstone  have  about  the  same 
hardness  as  that  of  the  river  water. 
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2.  It  is  very  evident  also  that  the  removable  hardness  in  the 
former  class  (over  450  feet  deep),  far  exceeds  that  in  the  lat- 
ter class.  That  is  to  say,  the  element  of  sulphuric  acid  is  re- 
markably greater  in  the  deepest  wells,  in  one  well  the  amoimt 
being  137.2  grains  per  gallcHi,  and  the  average  for  eleven  such 
wells  being  23.5  grains.  But  the  highest  in  the  shallow  wells, 
i.  e.,  less  than  450  feet,  is  69.3  grains  per  gallon ;  the  average  of 
eight  wells  being  12,6  grains  per  gallon,  or  about  one-half  that 
in  the  deeper  wells.  The  amount  of  permanent  hardness  in  the 
Glenwood-Inglewood  water  is  18.  grains  per  gallon. 

3.  It  is  reasonable  also  to  infer  that  the  stronger  mineraliza- 
tion of  the  deep  waters,  as  apparent  both  to  the  taste  and  to  the 
sense  of  smell,  is  attributable  to  the  presence  of  this  high  per- 
centage of  sulphuric  acid.  When  fresh,  these  deep  waters  often 
give  also  a  distinct  odor  of  sulphuretted  hydrogen.  These 
qualities,  however,  serve  to  purify  the  lake  waters  of  the  St. 
Paul  system. 

It  is  for  these  reasons  that  the  discussion  which  is  presented 
in  this  paper  discards  for  city  uses  these  deeper  wells,  and  ap- 
proves those  waters  coming  from  the  shallower  basins. 
IV hat  Has  Been  Shown. 

If  a  short  resume  be  made  of  what  has  now  been  shown  it 
comes  to  about  the  following: 

1st,  There  are  several  water  basins  below  the  city  of  Minne- 
apolis, extending  widely  into  the  country,  of  which  but  two 
need  to  be  taken  ito  account,  namely,  one  getting  water  at  about 
400  feet,  another  at  about  200  feet. 

and.  The  waters  afforded  by  these  two  basins  are  not  strik- 
ingly different  in  hardness  from  the  water  of  the  Mississippi 
river,  but  the  water  from  the  shallower  reservoir  is  sometimes 
softer  than  the  water  of  the  Mississippi  river, 

3rd,  The  quantity  of  the  supply  is  inexhaustible  and  more 
reliable  than  the  supply  from  the  Mississippi  river  itself. 

4th,  The  cost  of  sinking  the  necessary  number  of  wells  to- 
supply  30,cxx>,ooo  gallons  per  day  from  the  400-foot  series  need 
not  exceed  $100,000.00  at  the  outside. 

Thanks.  I  need  not  say  that  it  affords  me  very  great  pleas- 
ure to  have  the  opportunity  of  presenting  this  important  ques- 
tion before  a  committee  of  the  civic  societies  of  the  city  under 
the  auspices  of  the  Real  Estate  Board.    I  have  taken  considera- 
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ble  interest  in  the  subject  of  the  city  water  supply  ever  since  I 
have  been  in  the  city,  and  more  particularly  since  the  proposition 
to  install  an  expensive  filtration  plant,  and  I  have  made  some  at- 
tempts to  ^t  the  subject  fairly  considered.  I  have  failed,  how- 
ever, in  several  of  these  attempts.  The  subject  had  a  nominal 
investigation  some  ten  years  ago  but  the  artesian  method  was 
pra^ctically  ignored  and  an  expensive  filtration  plant  was  recom- 
mended. When  the  questttm  was  revived  again  recently  and  a 
Pore  Water  Commission  was  created  I  communicated  with  said 
Commissitm,  sending  a  letter  to  the  public  meeting — ^which 
letter,  however,  was  never  read — «md  the  subject  of  artesian 
water  supply  was  again  ignored,  and  a  similar  report,  makii^ 
a  similar  recommendation,  was  again  presented,  upm  which 
the  question  of  issuing  bonds  is  now  pending,  the  initial  bonds 
boi^  set  at  one  million  dollars. 

I  have  to  thank  especially  Mr.  J.  L.  Record  and  Mr.  Luther 
Twichell,  of  the  Minneapolis  Steel  &  Machinery  Co.,  and  Mr. 
M.  D.  Rhame,  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway, 
for  assistance  in  the  collecting  and  preparation  of  the  materials 
of  this  report. 

It  is  only  as  a  resident  of  the  city  and  a  tax  payer,  and  as  a 
geologist  who  knows  that  such  expense  is  wholly  unnecessary, 
that  I  attempt  again  to  set  forth  this  project  with  the  hope  that 
it  may  receive  due  consideration. 


BVIDINCE  ON  THE  DEPOSITION  OF  LOE88. 

Lvau.x  ASHB*  OiriH,  St.  Joacph,  Mo. 
FLAT  a  XX. 

Much  has  been  written  on  loess  deposition  but  those  up- 
holding the  merits  of  the  two  opposing  theories  have  been  un- 
able to  agree  that  any  evidence  yet  discovered  could  be  ac- 
cepted as  conclusive.  This,  however,  cannot  be  regarded  as 
due  to  deficiencies  in  the  character  of  the  testimony  so  much  as 
unaccountably  wide  differences  in  interpretation.  The  aedian 
supporters  are  not  miore  firm  in  the  belief  that  original 
deposition  is  still  in  full  progress  than  are  those  of  the  aqueous 
theory  that  the  present  is  a  distinctly  separate  epoch  in  geolc^c 
history,  in  which  the  wind  has  assumed  importance  as  a 
"world-power"  for  the  first  time.   While  one  assumes  that  land 
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snails  in  the  uplands  are  proof  of  xcdian  origin,  the  other  re- 
gards them  merely  as  evidence  that  during  the  lowan  stage  of 
the  Glacial  period  the  spring  floods  passed  sufficiently  early 
for  the  high  lands  left  exposed  to  be  clothed  in  vegetation  for 
the  maintenance  of  animal  life.  Whether  the  snails  whose 
shells  remain  were  of  land  or  water  species  is  a  'matter  of  no 
important  significance,  since  there  is  no  claim  that  they  have 
been  transported,  and  the  condititms  assumed  by  the  aqueous 
theory  are  fully  as  favorable  to  land  forms  as  to  those  of  flo- 
viatile  requirements. 

The  unearthing  of  witnesses  incapable  of  exposing  inter- 
pretations might,  accordingly,  promote  harmony.  Several 
such  witnesses  together  with  a  few  local  facts  and  conditions 
may  therefore  be  of  sufficient  interest  to  merit  attention  in  con- 
nection with  the  "Loess  Papers,"  by  professor  B-  Shimek,  re- 
cently published  as  an  "Extract  from  the  Bulletin  of  the  Lab- 
oratOTies  of  Natural  History  of  the  State  University  of  Iowa, 
vol.  V." 

In  discussing  the  time  element,  on  page  320,  professor  Shi- 
mek says: 

"It  might  sefm  that,  if  locsa  was  deposited  most  abundantly  where 
vegetation  was  comparatively  vigorous,  there  ought  to  be  an  abundance 
of  plant  remains  in  the  deposit  The  r^e  of  deposition,  however,  roust 
have  been  so  slow  that  all  organic  matter  would  have  disintegrated 
long  before  it  could  have  been  covered  and  sealed  in  the  deposit  Or- 
gKnic  remains  can  thus  be  preserved  only  when  overwhelmed,  especially 
in  wet  places,  and  their  absence  would  rather  militate  against  the 
aqueous  theory." 

We  may,  therefore,  feel  confident  that  he  would  accept  any 
fossilized  organic  matter  as  satisfactory  evidence  that  it  had 
been  overwhelmed  and,  consequently,  would  militate  in  favor 
of  the  aqueous  theory. 

The  loess  at  St.  Joseph  has  at  last  yielded  this  form  of 
testimony.  It  is  the  fossil  casts  of  snails  in  their  shells  or 
partly  surrounded  by  the  crushed  fragments  which  show  to 
what  species  they  belong.  The  first  discovered  is  a  small 
group  of  Helicina  occulta,  both  fully  mature  and  half-grown, 
that  was  spread  along  a  horizontal  stratification  line  in  original, 
undisturbed,  upland  loess  at  Sycamore,  between  Fifteenth  and 
Sixteenth  streets,  in  the  southeastern  part  of  town.  The  ex- 
posure was  made  in  a  street  cut  and  the  fossils  found  at  a  depth 
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of  about  twelve  feet  below  the  surface  at  an  elevation  of  160 
feet  above  extreme  higit  water.  There  is  no  indication  that 
the  place  could  ever  have  been  the  bed  of  a  pond,  but  it  must 
have  been  the  river-bank  before  the  time  of  the  formation  of 
the  upper  terraces  described  by  professor  J.  E,  Todd,  in  the 
Reports  of  the  Missouri  Geolc^cal  Survey,  vol.  x.  Ail  ex- 
posure half  a  block  distant  shows  ripple  marks  at  nearly  the 
same  elevation.  The  loess  deposit  is  very  deep  here  and  rises 
by  steep  slopes  above  the  valley  of  thfe  Missouri  on  the  West, 
and  a  small  permanent  tributary  on  the  north  which  has  a  well 
defined  ancient  valley  of  its  own.  While  graders  were  work- 
ing at  Sycamore  and  Sixteenth  streets  in  the  summer  of  1903, 
a  large  skeleton  of  an  unknown  lizard-like  animal  was  exposed 
and  created  no  little  excitement  among  those  present.  Some 
years  ago  mastodwi  remains  were  excavated  at  a  point  wily 
a  short  distance  to  the  northeast  and  at  a  sli^tly  lower  level, 
so  no  one  would  think  of  claiming  that  the  region  h^d  been 
continuously  submerged,  and  supporters  of  the  aqueous  theory 
have  not  been  thus  inclined.  The  annual  floods,  then  as  now, 
necessarily  attained  their  excessive  stage  during  the  short 
period  in  early  summer  required  for  melting  the  vast  quantity 
of  snow  spread  over  the  region  to  the  north  and  the  enor- 
mously extensive  wuter-shed  extending  far  into  the  mountains 
on  the  west  and  northwest.  The  balance  of  the  summer  gave 
ample  tinte  and  favorable  conditions  for  the  development  and 
growth  of  snails  on  all  high  points,  which  were  then  exposed 
under  moist  conditions,  while  the  streams  continued  to  fill 
their  valleys  with  the  normal  summer  flow  from  the  "great 
ice"  and  the  more  distant  regions  of  perpetual  snow.  The  sig- 
nificance of  this  western  drainage  in  connection  with  loess  dis- 
tribution and  deposition  may  not  as  yet  have  received  its  full 
measure  of  attention.  The  wide  extent  of  area  and  the  alti- 
■  tudes  of  sources  of  contribution  from  that  direction  offer  sug- 
gestions worthy  of  special  ccwisideration.  The  southeasterly 
direction  of  this  flow  must  have  favored  a  much  heavier  and 
more  widespread  deposition  of  sediment  to  the  eastward  of  the 
current  than  on  the  west,  the  limit  of  its  spread  being  deter- 
nmied  by  the  resistance  met  in  the  vdume  of  flow  from  the 
northern  ice  fields. 
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An  unusually  notable  exposure  of  snail  shells  has  been 
made  at  Fifteenth  and  Walnut  streets,  two  blocks  southwest  of 
the  cut  which  yielded  the  casts  already  mentioned.  At  a  depth 
of  about  a  foot  beneath  the  surface  (Hi  the  summit  of  the  bluff, 
at  an  elevation  of  l8o  feet  above,  and  directly  overloc^i^, 
the  flood-plain,  numerous  shells  were  uncovered.  At  not  more 
than  three  feet  enormous  multitudes  appeared  and  a  perpendic- 
ular cut  showed  them  to  be  scattered  throughout  its  depth  of . 
twenty  feet  in  incredible  abundance.  Since  these  twenty  feet 
have  been  removed  the  quantity  turned  up  by  the  plow  or  ex- 
posed by  the  scraper  continues  to  be  surprisingly  great.  Al- 
though there  is  a  general  distribution  of  the  shells,  the  greatest 
numbers  by  far  are  conspicuously  in  pockets  as  is  alntoet  in- 
variably the  case  where  they  are  remarkably  numerous  in  pre- 
viously undisturbed  upland  loess.  As  is  also  usual,  those  in  the 
pockets  are  crowded  together  in  a  manner  clearly  indicating 
that  the  arrangement  was  not  voluntary ;  and  generally  a  ma- 
jority of  the  shells  are  crushed  into  such  a  mixed  mass  as  to 
prove  beycxid  dispute  that  the  crushing  and  burial  were  one 
combined  act  Frequently  the  appearance  of  a  shell  indicates 
what  surgeons  call  a  "green  fracture"  su|^:estive  that  when 
crushed  it  was  occupied  by  the  animal,  and  this  is  verified  by 
<»ie  of  the  fossil  casts  of  the  Sycamore  street  group.  So  far,  . 
only  two  casts  have  been  discovered  among  the  many  shells  ex- 
amined from  the  Walnut  street  exposure ;  but  since  the  numbers 
collected  were  comparatively  very  in^gniiicant,  a  satisfactory 
statement  in  r^ard  to  casts  is  impossible,  although  two  pre- 
serve the  historical  record  as  faithfully  as  more  could  do.  Many 
of  the  large  shdls  had  the  spire  completely  filled.  None  had 
the  operculum  preserved,  and  at  only  one  other  point  has  one 
been  found.  That  was  taken  from  the  cut  at  the  summit  of 
King  full  sooa  after  the  erection  of  the  water-tower.  It  was 
examined  with  keen  interest  because  of  the  unusual  occurrence  ■ 
of  a  shell  perfectly  closed  by  a  disk  of  homy  substance  totally 
dissimilar  from  the  calcareous  shell.  It  was  doubtless  Helicina 
occulta.  The  unfortunate  absolute  ignorance  of  mollusks  and 
consequent  want  of  uilderstanding  of  the  value  of  the  specimen 
resulted  in  its  loss.  A  recent  thorough  search  at  the  same 
place  for  another  failed  of  its  object  but  was  rewarded  with 
the  cast  of  a  Patula  altemata  partly  enclosed  in  a  remnant  of 
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the  shell  into  which  it  had  withdrawn  and  which  still  retains 
distinct  splashes  of  color.  This  cut  is  270  feet  above  the  flood- 
plain  and  is  shown  in  plate  x.  in  The  American  Geoux;ist, 
vol.  xxxiii. 

In  one  of  professor  Shimek's  "Loess  Papers,"  page  334,  he 
says: 

"The  advocates  oi  the  aqueous  theory  can  find  little  solace  in  the 
fossils  of  the  loess,  and  without  them  their  case  has  but  little  tangible 
support." 

This  may  be  true,  yet  it  seems  not  impossible  that  both  the 
solace  and  the  tangible  support  can  be  found  among  the  fossils 
of  exclusively  terrestrial  forms,  not  even  those  objected  to  as 
types  common  to  pools  and  ponds  being  admitted  to  considera- 
tion, if  the  casts  already  described  arc  to  be  accepted  on  the  re- 
cognized value  of  such  evidence. 

The  shells  collected  by  professor  G.  F.  Wright  from  the 
upland  loess  at  St  Joseph  were  submitted  for  identification  to 
professor  L.  P.  Gratacap  of  the  Museum  of  Natural  History, 
New  York.  They  were  taken  from  the  loess  about  one  huii- 
dred  and  fifty  feet  above  the  river,  and  from  twenty  to  fifty  feet 
below  the  top  of  the  bluff.    His  report  is : 

"Group  A  came  from  the  southeast  part  of  the  city,  and  group  B 
from  the  north  end.  and  both  were  embedded  in  an  identical  argilla- 
ceous dust  in  which  almost  no  silica  and  only  a  slight  admixture  of 
lime  could  be  detected." 

"The  shells  are  typical  terrestrial  species  but  are  t»t  in  quite  the 
same  stage  of  fossili ration,  those  from  the  north  end  of  the  city  having 
lost  the  nacre  along  the  columellar  surface  of  the  Succinea  obliqua, 
which  in  the  same  species  is  partially  retained  in  the  specimens  from  the 
southeast  part  of  the  city.  The  former  specimens  were  also  more  frail 
and  tenuous.  This  difference  is  unimportant,  as  local  perceriation  of 
the  surface  waters  might  greatly  vary,  and  produce  in  shells  subjected 
to,  or  protected  against  it,  very  differing  states  of  preservation." 

"Group  .\  consisted  of  Succinea  obliqua,  Patula  alterttata,  Meiodon 
aUiolabris.  Group  B  contained  Succinea  obliqua,  and  a  crushed  Pa- 
tula strialella." 

"It  would  certainly  be  difficult  to  draw  any  conclusive  inferences 
from  this  meagre  display  of  species.  Their  general  condition  of  pre- 
sa-vation  permits  a  guarded  inference  that  they  have  not  been  exposed 
to  rude  or  distant  transportation ;  they  belong  where  they  were  found ; 
they  are,  so  to  speak,  in  silu.  The  presence  of  color  flames  on  the  Pa- 
lula  altemala  argues  for  its  rather  rapid  sepulture,  as  the  bleachina  ac- 
-  tion  of  the  weather  and  sunlight  would  have  soon  removed  these  color- 
ations after  the  death  of  the  animal.  On  the  other  hand  its  own  habits 
of  hibernation  may  have  removed  it  from  surface  exposures." 


)y  Google 


296  American  Geologist.  "*'•  ^•<'* 

"T^e  small  size  of  the  Mesodon  afboUrrit  points  to  depauperization 
possibly  under  the  influence  of  cold,  or  of  insufficient  food.  The  pres- 
ence of  Sucdnea  permits  a  general  assumption  of  consideraUe  mois- 
ture. It  is  true  that  Suecmea  obliqua  is  to-day  found  in  not  very  moist 
places,  but  the  aptitude  of  the  orgainsm  is  for  wet  spots,  and  it  flour- 
ishes best  under  regional  conditions  of  considerable  annual  precipita- 
tion. Potitla  aiteritata  is  disposed  to  flourish  under  moist  conditions, 
and  generally  will  not  endure  a  dry  climate  or  position.  Patula  stri- 
alella  may  be  safely  regarded  as  a  northern  and  semi-boreal  species." 

"Conclusions  of  any  diagnostic  value  cannot  he  made  with  security 
upon  such  slender  representation  of  shells,  but  the  impression  left  by 
them  is  that  of  rather  boreal  and  wet  conditions  of  life.". 

In  answer  to  a  request,  professor  Gratacap  graciously  con- 
sented to  examine  a  larger  collection  of  shells.  The  forms 
most  abundant  in  undisturbed  upland  loess  in  various  direc- 
tion about  town  were  selected  for  the  purpose  but  those  sent 
were  all  from  the  bluffs  to  the  south  and  southeast.  His 
determinations  are  as  follows : 

Mfsodon  olholabrii  Say,  fragile,  immature,  depauperate. 
Mesodon  albolabrii  Say,  wilh  revolving  stria:  destroyed. 
Metodoti  albolabfu  Say,  immature,  weak,  cold  conditions. 
Paiula  altfrnata  Say,  color  splashes,  thin,  depauperate,  indication  oF 
cold. 

Patula  allemala  Say,  color  splashes ;  probable  burial  or  voluntary 
sepulture  before  long  exposure. 

Helicina  occulta  Say,  quite  normal. 
Succinea  qbliqua  Say,  normal,  flourishing  individuals. 
Succineo  obliqua  Say,  average  forms  but  shrunken,  cold  ctmditions. 
Succinea  obliqua  Say,  very  small,  pinched  and  starved  individuals. 
Cast,  enclosing  Sucdnea. 
Commenting  on  them  he  says : 

"In  regard  to  any  light  these  specimens  throw  on  the  questicm  of 
aqueous  or  zolian  conditions  I  must  frankly  say  that  they,  to  me,  seem 
to  offer  no  decisive  evidence," 
But  he  also  says : 

"The  flamings  and  color  patches  on  the  "alternata"  are  certainly 
quite  vivid  and  tnificate  burial.  It  does  not  seem  to  me  that  SMlian  de- 
position of  necessity  should  be  extremely  slow.  Certainly  dust  storms 
of  any  continuance  would  make  deposits  of  very  considerable  thickness 
in  a  short  time.  As  regards  "alternata,"  however,  it  may  be  recalled 
that  the  animal  craves  moisture  and  does  not  readily  endure  dryness.  It 
also  buries  itself  in  captivity.  The  color  marks  are  usually  more  strik- 
ir^  and  deep  if  the  animal  has  enjoyed  normal  moist  conditicms — and 
therefore  it  would  be  reasonable  to  suppose  that  the  preservation  of 
the  'flamings'  indicates  a  normal  habitat.  Aridity  would  seem  to  be  as- 
sured hy  the  aeolian  theory." 
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If  only  a  few  of  the  "ahemata"  retained  the  vivid  flamings 
their  testimony  might,  possibly,  be  regarded  as  of  doubtful 
value,  but  since  they  may  easily  be  collected  by  thouaands  and 
faded  specimens  arc  rare,  it  would  appear  quite  safe  for  the 
advocates  of  the  aqueous  theory  to  find  a  little  solace  in  them^ 
as  wdl  as  the  casts,  and  accept  both  for  a  very  tangible  sup- 
port of  their  case.  1 

Ai  small  collection  of  fossils  from  the  same  sources  had 
previously  been  sent  to  Dr.  Theodore  Gill  for  his  identification. 
None  of  the  flaming  alterHata  were  included.  He  referred  the 
shells  to  professor  Bartsch  to  determine  exactly,  and  returned 
them  with  the  report  rendered  and  the  assurance  that  all  the- 
species  are  living  land  shells,  although  some  of  the  Succineas. 
are  "very  like  fresh-water  limnaeids."  The  species  reported 
are:  Circinaria  concava  Say;  Polygyra  multilineata  Say;  Sue- 
cinea  avara  Say;  Succinea  grovenoni  Lea;  Succinea  lioeata 
Lea. 

The  specimens  submitted  by  professor  Wright  were  mainly 
taken  from  greater  depths  in  the  bluff  than  those  of  the  other 
two  collections. 

The  Circinaria  concma  and  the  Succinea  avara  are  by  no 
means  so  abundant  as  the  other  forms,  while  the  Succinea  ob- 
liqua  is  the  most  numerous  everywhere  and  is  found  at  greater 
depths  than  any  other  form  in  cuts  that  penetrate  far  into  the 
bluff  or  through  it,  and  they  are  now  living  in  shallow  water 
in  the  deep  ravine  north  of  the  fossil  bearing  hills,  but  not  else- 
where in  that  vicinity.  Yet  in  the  highest  portions  of  the  up- 
land loess  the  Patula  altemata  and  others  of  the  lists  given  are 
everywhere  associated  with  it  and  are  of  almost  equal  num- 
bers. 

These  high  elevations  are  doubtless  the  land  areas  which 
produced  the  terrestrial  mcdiusks, — when  the  waters  were  not 
at  flood  stage.'  It  is  reasonable  to  suppose  that  then  as  now 
there  were,  within  certain  limits,  considerable  variations  as  to 
time,  duration  and  stage  of  the  annual  flood ;  these  being  de- 
pendent upon  such  variable  conditions  as  the  amount  of  both 
winter  snow-fall  and  spring  rains,  and  very  largely  on  the  di- 
rection of  the  winds.  If  the  winds  persist  in  the  north  until 
late  spring  the  "June  rise"  must  bring  "extreme  high  water" 
of  short  duration  but  so  late  as  to  destroy  early  vegetatitm  on 
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sabmerged  areas  and  insures  a  less  luxuriant  late  growth, — 
unless  the  snow-fall  was  less  than  average.  On  the  odter 
hand  a  heavy  fall  of  snow  may  be  carried  out  by  degfrees  in 
long  time  if  south  winds  keep  the  rivers  open,  or  open  tfaem 
early,  and  "chinooks"  make  winter  visits  to  the  snow  Belds.  In 
the  present  year  the  ice  broke  up  at  St.  Josej*  on  the  last  day 
^f  February  and  the  stage  of  the  river  increased  four  feet  in 
Jwenty-four  hours,  since  when  the  excess  of  snow  is  gmng  out 
in  March.  And  the  March  winds  are  denied  access  to  profes- 
sor Shimek's  poor  little  source  of  supply  for  the  double  range 
of  stately  bluffs.  It  nu^t  also  be  considered  doubtful  if  the 
most  extreme  stage  of  high  water  was  of  regular  annual  oc- 
currence. 

A  reasonable  search  for  the  "sand-dune  areas"  in  the  vi- 
cinity of  St.  Joseph  has  not  met  with  success,  if  they  are  to  be 
identified  by  any  similarity  to  the  sand  dunes  of  northwestern 
Nebraska  or  New  Mexico,  or  those  of  Holland.  If  there  is  a 
resemblance  anywhere  it  is  Mily  in  the  loose  surface  s<m1,  of 
aeolian  origfin,  that  often  caps  the  hills  and  covers  slopes  to  a 
depth,  usually  not  much  greater  than  the  length  of  grass  roots, 
or  fills  sheltered  depressions.  Dunes  might  equally  well  be 
sought  along  the  Rhine  or  on  the  banks  of  the  swift-flowing, 
ydlow  Yangtse-kiai^,  where  its  loess  deposit  is  extending  the 
Chinese  coast  line  and  driving  back  to  sea. 

The  river  bars  having  been  credited  with  a  lavish  generos- 
ity in  contributions  to  bluff  building  so  greatly  in  excess  of 
their  visible  available  means,  it  may  be  acceptable  if  they  are 
cited  to  show  that  where  the  floods  have  had  greatest  influence 
the  areas  so  affected  are  not  rendered  at  all  unfit  for  such  plant 
life  as  snails  require.  It  is  a  fact  well  and  positively  known  to 
dwellers  on  the  Missouri  river  that  in  an  incredibly  short 
time  after  the  surface  of  the  bar  becomes  exposed  there  springs 
up  a  thick  covering  of  willows  and  succulent  plants  which  de- 
velop with  extreme  rapidity.  If  the  floods  pass  eariy  in  the 
season,  the  willows  fonn  dense  thickets,  or  "brakes,"  that  shel- 
ter the  tender  undergrowth  from  the  summer  heat  and  protect 
the  bars  from  secJian  erosion  until  swept  away  by  the  next  sea- 
son's flood.  The  bars,  accordingly,  when  so  covered  might  be 
expected  to  retain  a  quantity  of  dust  brought  to  them 
from    other    sources.     If   however,    the   river    maintains   a 
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high  stage  until  so  late  in  the  season  that  this  covering  of  veg- 
etation, fails,  then  the  period  of  aeolian  erosion  is  extremely 
short ;  and  after  so  long  a  wet  season  the  winds  are  sddotn 
high.  The  development  of  land  snails  on  h^h  lands  subject 
to  similar  submergence  and  plant  growth  is  not  so  much  a 
mystery  to  be  explained  as  a  sequence  to  be  expected.  In  re- 
gard to  their  term  of  life,  S.  P.  Woodward  says : 

"Land  snails  are  mostly  bienna] ;.  hatched  in  smniner  and  axtaam, 
they  are  half  grown  by  the  winter-tinie,  and  acquire  thdr  full  gtowtb 
in  the  folloving  spring  and  summer." 

These  frail  animals  are  known  to  inhabit,  or  infest,  all 
conntries  save  the  arctic  regitxis,  to  thrive  in  altitudes  from  sea 
level  to  seven  thousand  feet,  and  to  successfully  resist  or  defy 
extermination.  Their  habits  oi  hibernation  certainly  gave  . 
them  protection  against  the  cold  of  winter  and  their  survival 
of  general  floods  may  be  accounted  for,  possibly,  in  more  than 
one  way.  It  is  known  to  naturalists  that  they  can  endure  sub- 
mergence while  in  hibernation  but  the  limit  of  such  endurance 
seems  not  yet  to  have  been  determined    Dr.  jdttaxm  sayi : 

"There  is  something  admiraUe  in  this  curious  adaptation  of  the 
economy  of  the  hibernating  creatures  to  their  situation;  for  otherwise 
they  could  not  live  beyond  a  single  summer  in  the  countries  which  they 
now  iidMbit  with  impunity  to  themselves.  If,  during  their  active  state 
of  existence,  you  were  to  ke^  a  Umneus,  or  any  other  aquatic  pul- 
montfcrotts  ipecies,  immersed  in  water  for  only  one  shcMt  day,  or  even 
for  little  more  than  aji  hour,  it  would  die  irrecoveraUy  \  but  it  remains 
under  water,  perhaps  with  the  surface  frozen  over,  for  three  or  iour 
months  nnirjured,  when  the  system  has  been  prepared  in  autumn  foe  the 
diange.  And  so  of  the  land  kinds;  they  perish  if  deprived  of  air  for 
a  few  hours  only  in  summer,  or  if  e^gkosed  to  an  artificial  cold  not  lower 
than  the  cold  of  winter ;  but  in  a  state  of  hibemadtm  tney  respire,  if  taf, 
such  a  small  quantity  of  air  as  not  to  be  appreciated,  and  brave  our 
longest  and  severest  frosts  without  peril  and  without  pain." 

Many  may  have  also  survived  among  the  uprooted  willows 
and  other  growths  that  may  be  seen  fkating  as  rafts  on  a  Mis- 
souri flood,  and  soon  anchored  in  masses  to  a  stranded  tree  or 
snag.  Large  quantities  of  eggs  might  also  be  carried  short 
distances  in  nests  held  securely  among  the  fibrous  roots.  Roots 
of  any  considerable  size  float  above  the  water. 

The  question  of  sustenance  is  an  even  more  simple  (me  to 
dispose  of  when  we  consider  that  snails  are  by  no  means  fastid- 
ious and  actual  starvation  is  not  a  serious  menace.    Of  diet  Dr. 
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Johnson  says:  "The  land  tribes  seem  to  refuse  no  tender  herb;" 
and  in  another  place: 

"On  occasions  they  eat  voraciously;  but,  when  necessary,  they  can 
sustain  a  fast  longer,  perhaps,  than  any  other  animated  beings :  snaili 
having  been  kept  for  upwards  of  a  year,  nay,  for  years,  and  the  LJm- 
nicK  and  Planorbis  for  many  months,  withtxit  any  food,  except  that 
small  and  tenuous  portion  which  they  might  extract  from  the  air  and 
water." 

The  same  authior  referring  to  herbiverous  mollusks  occa- 
sionally zoophagous,  says: 

"The  pulmonated  gasteropoda  have  a  strange  hankering  after  fleah, 
and  become  very  cannibals  in  satisfying  thii  piopenetty.  Lister  auerti 
that  snails  will  eat  fiesh  of  all  kinds,  particularly  fish  and  salted  meat; 
and  that  having  once  placed  an  individual  of  the  Helix  tuperta  with 
another  of  the  Arion  attr  in  a  vessel  together,  he  found  on  the  follow- 
ing day,  that  the  former  had  slain  ttie  slug,  and  had  miserably  torn  and 
eaten  its  akm." 

And  also  that— "In  the  absence  of  other  nourishment,  they  will  even 
devour  each  other,  piercing  the  shell  near  its  apex,  and  eating  away  tiie 
upper  folds  of  its  inhabitant  This  accounts  for  the  mutilated  and  often 
imperfectly  repaired  state  of  tbe  upper  volutions  of  some  specimens." 
So  it  would  seem  that  under  whatever  conditions  and  tem- 
porary changes  the  loess  snails  existed  their  wants  were  suffic- 
iently provided  for,  if  the  me  condition  of  aridity  be  excluded. 
Even  that  can  be  endured  in  a  tor^ud  state  in  climates  where 
the  alternating  rainy  season  affords  ample  opportunity  for 
propagation  and  development;  but  if  they  passed  half  the  year 
in  hibernation  on  account  of  cold,  and  the  other  half  in  tbe 
torpor  demanded  by  aridity,  even  such  prolific  creatures  as 
snails  must  have  shown  a  steady  decrease  as  the  bluffs  grew  in 
bight  instead  of  the  very  marked  increase  that  the  hill-t(^ 
proclaim. 
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MISSOURI   PALAEONTOLOGY. 

By  K.  R.  KowLiT,  LoDUIana,  Ho. 

PLA.TB  XXI. 
CyatheorinuB  formotu*,  n.  tp. 
Fig.  I.    Side  view  of  the  type,  natural  siic 

Calyx  elongate  ccHiical ;  underbasals  five,  large  and  occu- 
pying nearly  a  third  of  the  hight  of  the  calyx.  Basals  large, 
six-  and  seven-sided.  Radials  hardly  as  large  as  the  under- 
basals, with  a  broad  scar  above  to  receive  the  first  costal.  Each 
tipper  sloping  edge  of  the  bifurcating  second  costal  supports  a 
series  of  three  radials  of  a  higher  order.  Here  again  the  third 
plate  is  bifurcating  and  supporting  a  third  order  of  radials. 
As  the  rays  have  lost  little  in  width  at  this  hight,  it  is  prob- 
able they  were  much  longer  and  bifurcated  a  number  of  timea 
more.  Just  above  the  single  large  anal  plate  and  inclosed  by 
three  other  plates  above  is  a  round  anal  opening,  apparently 
near  the  base  of  a  short  anal  tube. 

The  omamentati<m  of  the  body  plates  is  low,  sharp,  radiat- 
ing ridges  and  little  luxks,  the  strix  being  almost  parallel.  A 
slight  ridge  follows  the  free  rays  and  this,  with  nodes,  cm- 
stitutes  the  ornamentation  of  the  arms. 

An  inch  of  stem  is  attached  to  the  specimen,  made  up  of 
alternate  tai^r  and  smaller  joints  set  with  nodes,  like  circular- 
saw  teeth.  The  central  canal  of  the  stem  is  strongly  five-lobed. 
The  underbasals  of  our  specimen  extend  upward  to  some  hight 
instead  of  being  "spread  out"  or  "with  a  slight  upward  curva- 
ture," per  generic  diagnosis,  and  again  the  basals  are  much 
larger  than  the  radials,  contrary  to  Wachsmuth  and  Springer. 
The  type  came  from  the  top  of  the  Lower  Burlington  limestone 
at  Louisiana,  Mo. 

Cryptoblattua  malo  O.  &  S. 
Ft;.  2.    A  bteral  view  of  a  crushed  specimen  to  wbidi  two  or  three 
Kgments  of  the  column  are  attached.    The  first  segment  seen  outside 
of  the  base  is  somewhat  larger  than  the  next,  and  completely  coven 
the  basal  concavity. 

Fig.  3.  A  view  of  the  anal  {  ?)  interradius  of  another  specimen  in 
whkh  a  large  elliptical  plate,  nearly  a  third  of  the  body  in  length,  liei 
below  the  deltoid,  thus  giving  two  inteiradials  to  the  area.  This  plate 
hu  a  convex  surface  in  strong  contrast  to  tbe  valley-like  suture  line 
of  the  radials. 
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Bothl  specimens  are  from  the  top  of  the  fourth  division  of 
the  Lower  Burlington  hmestore,  Pratt's  quarry,  Louisiana,  Mo. 
Sohicoblaatua  aayi    Bhumard. 

Fig.  4.  Ventral  view  of  an  imperfect  specimen  showing  the  exten- 
tion  of  the  ventral  covering  over  the  junbulacral  furrows  of  two  areas. 
In  fact  these  furrows  have  been  covered  in  all  five  of  the  ambulacra 
and  only  recently  have  the  roofing  plates  been  removed  as  shown  by 
Che  caleitc  still  iiliag  the  furrows  like  littk  rode.  Tbe  two  »Ttu  that 
■till  preicrve  the  coverinf  «bow  the  furrow  to  be  archad  over  by  a 
neat  little  roof,  the  ambuUcrum  appeamg  like  «  blunt  ridge.  We 
have  this  same  feature  exhibited  on  two  or  more  specimens  of  Oropho- 
erinut  steUiformis,  the  roofing  extending  to  the  very  ambulacral  tip* 
as  has  been  the  case  in  the  specimen  of  sayi  before  ue. 

The  specimen  came  from  the  base  of  the  Upper  Burlington 
Umestene,  Pratfa  quarry,  Louisiana,  Mo. 

L,ophobl*stua  pentagon  ut,  n.  ap. 

Fbg.  s.    Basal  view  of  die  type  specimen,  natural  site. 

Fig.  6.    Ventral  view  at  the  ume  ipeciroett. 

F%.  7-    SiMt  view  of  the  Q^ie. 

Fig.  8.    Ventral  view  of  the.  same  speeinMa,  four  <Iiaa>etcri, 

The  tiiree  basal  plates  of  the  usual  blastoid  shape,  form  a 
low  corneal  convexity  qaite  half  the  greateat  diameter  of  tiie 
body.  The  length  of  the  radials  ti  more  than  half  the  body 
length  and  their  width  is  two-thirds  their  lo^itfa. 

The  interradials  are  long  enough  to  be  wdl  wen  on  a  side 
view.  The  pore  pieces  of  the  rather  narrow  ambulacra  have  all 
been  removed  from  weatberieg,  thus  exposing  tbe  lancet  piece, 
full  length-  The  ambulacra  are-  not  sunken  bttt  form  strong 
rounded  ridges  whose  distal  ends  are  so  far  ixcm  tlie  radio- 
basal  sutures  that  a  basal  view  gives  a  rather  strong  stellate 
appearance  to  the  fossil.  The  anal  interrsdial  has  beea  re' 
moved  but  the  anal  opening  was  probaJdy  above  medium  lizx 
and  bounded  on  the  outside  by  a  hood-like  projccttaa^  The 
spiracles  are  ten  rather  elongate  openings.  The  spade-like  in- 
ner areas  of  tb«  interradials  are  depressed  at  their  centers  like 
miniature  finger  prints. 

The  sur&ce  for  the  attaebment  of  the  «dumn  is  rt&er 
small  and  the  columnar  canal  minute  and  apparently  round. 
The  ornamentation  is  probably  delicate  lc»igitudinal  ridges  as 
in  other  species  of  the  genus  but  our  specimens  are  not  in  a 
condition  to  show  this  feature.  The  collection  contains  four 
specimens,  two  from  Bowling  Green  and  two  from  near  -Cufry- 
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viUe,  Mo.    The  fif^red  specinxB  is  from  the  Giouteau  lime- 
stone of  tile  ionaex  place. 

EratmoorinuB    nodoaua    Rowley. 
IHg,  9.    Side  view  of  the  body  of  a  apecinMfl  differing  seuMvlMt 
fioin  the  tjfK  of  the  vsdcii 

Eretmocrinus  nodoans  was  figured  and  described  in  VoJ. 
XXV,  Fdmury,  1900,  Aubucan  Geologist. 

Hk  figure  on  the  accompanjring  plate  is  of  a  more  doegite 
but  IcER  nodosa  speettnen,  occurring,  however,  in  the  same 
Mori»»  as  the  type. 

Bate  layer  of  the  U[q>er  Burlington  limestooe,  Pratt'c  quar- 
ry, Louisiana,  Mo. 

Amplaxua  aroh)rn«d1form[*,  n.  ap. 
Fi|t  10.  Side  view  ol  the  ^pe  specimen,  natarij  sIm. 
The  type  specimen  as  it  lay  half  imbedded  ni  •oft  wlute 
chert,  looked  strikingly  like  the  axis  of  an  Archimedes.  Owing- 
to  the  very  ^un  and  delicate  character  of  the  friU-Uke  expan- 
si<ma  and  tiie  difficulty  of  removii^  the  matrix  wiUsout  injuring^ 
the  specimen,  the  fossil  has  been  but  little  cleaned.  The  body 
is  very  slender,  eloDgatc,  oftcD  twisted  <x  distorted,  constricted 
in  [dace*  and  surrounded  at  irregular  intervals  by  thin,  broadly 
ejq>aiided  ealicular-like  growths.  There  are  no  external  ap- 
pearances of  either  septa  or  tabulfe,  but  it  is  almost  certain 
from  Items  apparently  of  this  species,  split  lengthwise,  that  the 
septa,  are  merely  superficial,  leaving  the  greater  part  of  the 
Mem  diameter  as  a  cavi^  divided  into  chambers  by  tabulae  ex- 
tending entirely  across  the  latter,  arranged  like  the  external  ex- 
pansions at  irregtiiar  intervals,  but  not  very  close  t<%«9ther. 

The  calyx  of  the  type  cannot  well  be  cleaned  without  de- 
stroying the  outer-cnp  wall,  but  was  obviously  a  deep  bmotA 
with  a  thin  and  greatly  expanded  outer  wdl,  aknost  smoodi 
both  on  the  inside  as  wdl  as  on  the  outside,  the  lamellae  hard- 
ly visible  at  the  bottom  of  tfie  cup  around  the  edge  of  the  tab- 
ula. This  peculiar  coral  occurs  about  seventeen  feet  below  die 
Orophocrinut  ttelliformis  horizwi  of  the  Lower  Burlington 
limestone  at  Louisiana,  Mo. 

The  type  came  from  ihe  Duff  Green  quarry  and  is  from  a 
white  chert  nodule. 

Other  specimens  from  the  Pratt  and  Cole  quarries. 
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Monllopor*  ampUxa    Rowley. 

Figs.  IT,  13,  13,  14,  15,  16.  Showing  joints  of  crinotd  columns  girt 
xbout  by  this  peculiar  coraL 

Fig.  19.  A  large,  long  column  with  a  great  swollen  zcme  occasioned 
fay  two  or  more  girdling  corals. 

Figs.  17,  18.  Swollen  stems  produced,  no  doubt,  by  parasitic  gnests 
as  apparently  indicated  by  pits  and  shallow  depressioDs. 

This  conl  was  origin&lly  described  in  the  June,  1901,  num- 
ber  of  the  American  Geologist,  under  the  name  of  Aulopora 
amplexa.  It  undoubtedly  belongs  to  professor  Grabau's  genus, 
Monilopora  and  is  ref^red  on  the  accompanying  plate  to 
show  the  manner  of  growth  and  to  account  for  certain  protub- 
erances and  enlai^d  sections  of  crinoid  stems  often  noticed  by 
collectors  in  the  Burlington  limestone. 

From  most  of  the  accompanyii^  figures,  it  is  evident  that 
the  coral  attached  itself  to  the  stem  of  the  living  crinoid  and 
there  lived  and  grew  until  it  was  enveloped  by  the  growing 

Like  the  sting  of  an  insect  to  the  twig  of  a  tree,  the  girding 
Monilopora  tm  the  living  crinoid  stem  gave  rise  to  an  excre- 
scence or  enlargement  of  the  coltunn. 

In  figure  11  we  find  a  healthy  young  coral  encircling  a 
small,  roimd  stem  joint  that  never  grew  after  the  attachment 
of  the  coral  or,  less  probable,  the  stem  was  dead  when  the 
ccffal  began  its  growth. 

In  Figure  12  the  coral  was,  perhaps,  dead  before  the  crin- 
cnd  stem  ceased  to  grow,  so  also  in  figures  13  and  14,  as  evi- 
denced by  the  broken  Monilopora  cups,  and  stem  as  well,  in 
figure  15. 

'  In  figure  13  the  after  growth  of  the  crinoid  stem,  has  en- 
tirely surrounded  the  girding  stem  of  the  coral  and  has  almost 
done  so  in  figure  14,  the  cup  ends  of  the  coral  appearing  as 
entrances  to  tunnels. 

In  figure  15  the  Monilopora  has  been  destroyed  after  the 
separation  of  the  crinoid  stem  from  its  head  and  has  left  a 
circular  passage  around  the  stem,  brt^en  into  in  places. 

In  figure  16  the  crinoid  column  and  coral  have  gTY>wn  to- 
gether and  perhaps  died  together  as  the  Monilopora  cups  are 
entire  despite  the  fact  the  crinoid  column  has  enveloped  the 
coral  stem. 
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Figure  19  is  a  round,  rather  Urge  stem  that  has  been  girt 
about  by  apparently  several  colonies  of  Moniloporo  and  has  en- 
larged itself  greatly  about  the  region  of  attachment  by  external 
growth  that  has  enveloped  and,  doubtless,  destroyed  the  para- 
sites. 

Figures  17  and  18  are  swollen  stems  with  pits  and  depres- 
sions due  either  to  Moniiopora  or  some  boring  organism. 

One  crin(»d  stem  in  our  possession  less  than  a  quarter  of  an 
inch  in  length  has  two  girding  Monilopprae. 

Conical  pits  often  thickly  cover  the  surface  of  enlarged 
stem  joints  and  occasionally  plates  of  crinoid  bodies,  giving 
rise,  in  the  latter  case,  to  warty  protnberances,  but  the  origin 
of  these  pits  is  as  yet  unknown  to  the  writer. 

A  calyx  of  a  Cactocrinus  before  us  has  every  plate  covered 
by  the  mouths  of  small  pits. 

It  is  a  little  surprising  that  this  Moniiopora  grew  only  on 
crimid  stems  and  nine  out  of  every  ten  of  our  specimens  gird 
Platycrinus  stem  joints.  Evidently  there  was  a  preference  for 
the  stems  of  the  latter  genus. 

Two  crinotd  columns  before  us  are  noticeably  ccmstricted 
by  girding  Bryozoa,  incrusting  the  stems  at  those  places.  Fig- 
ures II,  16  are  of  specimens  from  near  the  middle  of  the  Lower 
Burlington  limestone.  The  rest  are  from  the  top  of  the  Lower 
Burlington,  while  the  collection  contains  many  from  the  base 
of  the  Upper  Burlington  and  the  top  of  the  Chouteau  lime- 
stone (at  Fern  Qen,  Mo.). 

Locality,  Louisiana,  Mo. 

Oivphoerinu*  •tolliformi*. 


Kg.  ao.    Aspect  of  tfac  ventral  side  of  a  natural  ctsL 

The  specimen  figured  is  the  only  natural  cast  of  this  species 
ever  found  by  the  writer  and  shows  some  interesting  features. 
From  the  central  pentagonal  opening  radiate  five  bifurcating 
canals  with  an  apparent  semicircular  canal  about  the  center. 

The  ten  elongate,  spiracular  slits  appear  as  elongate,  ellip- 
tical elevations,  the  hydrospires  being  faintly  outlined  only  near 
the  distal  ends  of  the  ambulacra.  The  anal  openii^  also  ap- 
pears as  a  sli^t  elevation  between  two  ambulacra. 

The  specimen  is  irora  a  chert  nodule  of  the  Lower  Bur- 
lington limestone,  Pratt's  quarry,  Louisiana,  Mo. 
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OrAphoorinua  MniwiaT    W.  ft  8p. 
Fig.  41.    Side  view  ot  a  specimen  apparent!)'  of  Wachsmutb  and 
Springer's  species. 

The  specimen  is  beautifully  ornamented  by  lines  paralld 
with,  the  plate  sutures.  It  is  but  little  lobed  at  the  summit, 
with  ambulacra  of  medium  width  and  the  body  slij^y  con- 
stricted just  below  the  region  of  the  radio-basal  suture&. 

The  specimen  came  from  the  third  divistoa  of  the  Lower 
Burlington  limestone,  Pratt's  quarry,  Louisiana,  Mo, 

A  form  very  similar  to  this  has  been  found  near  the  top  of 
the  fifth  division. 

DrAphwrlnus  atalliformiaT    O.  *  S. 
Figs.  23,  23,  24.    Side  and  lanunit  views  of  a  beautifnl  littie  speci- 
men from  tiie  soft  white  chert 

It  is  probably  the  young  of  O.  steUiformis,  though  it  differs 
somewhat  from  that  species.  The  body  is  but  little  l<d>ed  above 
and  terminates  in  a  basal  handle  below.  The  ambulacra  are 
short  and  broad  being  distinctly  petaloid.  The  spiracles  are 
elongate  slits  while  the  anal  opening  enters  the  test  in  such  a 
way  as  to  make  a  sharp  dent  in  the  peripheral  outline.  The 
central  opening  is  covered  by  a  roof  of  small  plates  that  ex- 
tends down  each  ambulacral  center  almost  or  quite  to  the  distal 
extremities. 

From  the  Cryptoblastus  melo  horizon  of  the  Lower  Bur- 
lington, Cole's  quarry,  Louisiana,  Mo. 

PantrcmiUa  oonojdam   Hiall. 

Fig.  25.  Side  view  of  a  very  large,  inflated  specimen  with  a  base 
not  visible  in  this  position. 

Fig.  26  is  somewhat  like  P.  elongatHs  in  outline  but  is  a  true  eonoi- 
dent.    It  came  from  the  Warsaw  beds  of  Mount  Newown,  Kcntudqr. 

Contrast  with  the  next  figure,  an  elongate  specimen  with  a 
protuberant  base.  These  represent  the  two  extremes  in  conoi' 
devs,  but  they  are  not  entitled  to  specific  distinction. 

This  is  unusually  rotund  and  does  not  show  the  usually 

marked  difference  between  the  diameter  near  the  summit  and 

that  at  the  distal  ends  of  the  ambulacra.    This  specimen  was 

obtained  frc»n  the  Warsaw  limesttMie  at  Grand  Tower,  Illinois. 

Ntotablaatua  Imwtu*   Sbunuu4 

^g.  27  is  an  injured  specimen  with  a  portion  of  the  colAini  de- 
tached and  lying  near  by  on  the  slab.  The  diameter  of  the  stent  scar  at. 
the  base  of  the  blastoid  body  is  the  same  as  that  of  the  detached  col* 
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unm  and  Invn  no  doubt  of  the  correctness  of  the  reference;  The 
Mem  segments  are  very  thin  and  of  uniform  diameter,  together  form- 
ing a  perfectly  smooth  column. 

Third  division  of  the  Lower  Burlington  limestone,  Cole's 
quarry,  Louisiana,  Mo. 

Mrtablaatu*  bipyr«mldalli  Hall. 

Fig.  38  is  a  small  specimen  preserving  the  delicate  pinnules.  It  is 
from  the  Kec^ik  beds  at  Boonville,  Mo. 

Matablaatua  linaatu*  Shumard. 

Fig.  39.  Side  view  of  a  small  specimen  from  the  third  division  of 
the  Lower  Burlington  limestone  The  specimen  is  from  the  soft  white 
chert  and  preserves  the  test. 

Fig.  3a  Side  view  of  a  natural  cast  from  the  Upper  Burlington 
chert 

These  two  figures  are  intended  for  comparison  with  other 
species  of  Burlington  blastoids  of  the  elongate  form,  f^red  on 
this  plate. 

Figure  29  is  beautifully  striate  under  the  lens.  A  cast  of 
this  species  in  our  collection  is  over  two  inches  long  and  in 
size  rivaled  either  wortheni  or  bipyramidalis. 

Burlington  limestone,  Louisiana,  Mo. 

Cedaater  grttoillimus  Rowley. 
Figures  31,  32.    Side  views  of  the  type  and  a  much  smaller  specimeii> 
natural  size. 

These  specimens  are  figured  here  for  comparison  with  other 
elongate  forms.  Like  Cadaster  grandis,  C.  laeviculus  and  the 
new  form,  C,  superbus,  this  species  has  hydrospire  slits  in  all 
five  of  the  interambulacral  areas  and,  according  to  Ethridge 
and  Carpenter's  classification,  would  be  a  Phaenosckisma.  The 
surface  is  beautifully  striate  and  the  specimens  came  from  the 
soft  white  cherts  of  the  third  division  of  the  Burlington,  Pratt's 
and  Cole's  quarries. 

TTie  chief  characteristics  of  this  species  are  its  slender  form 
almost  flat  ventral  regi(m,  narrow  ambulacra,  very  fine  hydro- 
spire  slits,  very  elongate  basal  plates  (from  a  half  to  two-thirds 
the  length  of  the  fossil),  sharply  angled  character  of  the  baso- 
radial  sutures  at  their  junctions. 

MMafaiaatus  klrkwoodanaiif  Shumard. 

Fig.  33.    Side  view  of  a  small  but  plump  specimen. 
Rg.  34.    Ventral  view  of  the  same  specimen. 
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This  is  the  rarest  blastcnd  in  the  Boonville  beds  and  the 
specimen  figured  ia  the  only  plump  one  the  writer  has  seen. 
Of  four  other  specimens  in  the  collection,  all  are  much  larger 
than  this  one  but  crushed  out  of  shape.  The  test  seems  to  be 
very  thin. 

There  is  some  doubt  about  the  correctness  of  this  reference, 
since  M.  kirkwoodensis  comes  from  a  higher  formation,  the  St 
Louis  limestone.  Also,  our  specimens  are  less  concave  at  the 
ventral  w  top  end,  but  otherwise  agree  fairly  well  with  Dr. 
Shumard's  species. 

In  the  Boonville  beds  there  is  a  stnnig  commingling  of 
Keokuk  and  Warsaw  fossils. 

Ketrfaik-Warsaw  limestone,  Boonville,  Ma 

Ceda»t*r  aupsritu*,  n.  sp. 

Fig.  35.  A  natural  cbert  cast  of  the  visceral  caviQr  of  the  type 
specimen,  aide  view. 

Fig,  36.  Ventral  view  of  the  same  specimen  showing  the  hydrospire 
slits,  ambulacra  and  other  features. 

The  basal  plates  are  quite  half  the  body  in  length  and  form 
a  pyramidal  cup. 

The  radials  extend  to  the  ventral  surface,  the  interradials 
being  very  small  and  not  visible  on  a  side  view. 

The  very  narrow  ambulacra  are  short  and  occupy  the  bot- 
tom of  rather  deep  valleys  whose  sides  are  crossed  by  fifteen 
or  sixteen  hydrospire  slits  each  or  from  thirty  to  thirty-two  to 
the  area. 

These  slits  are  crowded,  parallel  with  each  other  and  the 
ambulacrum. 

As  in  Codaster  grandis,  the  slits  occupy  both  sides  of 
every  inter-ambulacral  area,  thus  excluding  both  these  species 
from  the  genus  Cadaster  as  rediagnosed  by  Ethbridge  and  Car- 
penter. 

The  anal  tuning  is  not  large  and  the  central  area,  usually 
open  in  most  species  of  blastoids  from  the  fragile  character  of 
the  covering  plates,  is  closed  in  this  specimen. 

As  in  other  species  of  the  genus,  the  ornamentation  is  fine 
lines  parallel  with  the  plate  sutures.  The  stem  was  small  and 
the  perforation  minute.  The  type  came  from  a  piece  of  chert 
not  in  place  but,  from  associated  fossils,  evidently  bel(»igs  to 
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the  upper  part  of  the  ITpper  Burlington  limestooe,  much  above 
the  horizon  of  C.  grandis. 

The  type  specimen  is  quite  an  inch  and  a  quarter  long  and 
much  the  finest  species  of  the  genus. 

Upper  Burlington  chert,  Louisiana,  Mo. 

Coda*t«r  laavkulum   Rowley. 

Fig'  37-    Side  view  of  a  specimen,  a  little  flattened,  as  it  lie)  partlj' 

imbedded  in  soft  earthy  limestone. 

F^.  38.    A  typical  natural  cast  of  this  species  frwn  chert 

Fig.  39.    Side  view  of  a  natural  cast  from  chert,  probably  a  yariety 

cf  this  species. 

Cadaster  laez'iculus  differs  frcMn  the  other  Burlington  spe- 
cies of  this  genus,  greatly,  in  its  broad,  petaloid  ambulacra 
covering  completely  the  hydrospire  slits,  and  in  the  possession 
of  five  rather  large  heart-shaped  openings  at  the  junction  of 
the  ambulacra,  near  the  central  opening. 

tt  is  doubtful  whether  it  could  be  ranged  under  Phaena- 
schisma.  This  is  rather  a  puzzling  form,  possessing  character- 
istics of  several  genera. 

It  occurs  in  the  very  basal  layer  of  the  Upper  Burlington 
limestone  and  cherts  of  the  same  horizon. 

Specimen  37  is  from  Pratt's  quarrj-,  Louisiana,  Mo. 

Codartar  grand!*   Rowley. 
Figs.  40  and  41.    Side  and  summit  views  of  a  medium  sized  speci- 
men.   A  natural  cast  from  chert 

This  is  a  very  handsome  species  and  is  figured  here  to  com- 
plete the  Burlington  species  of  the  genus. 

Its  rotund  form  with  a  broad  ventral  surface  and  slender 
ambulacra  at  once  separate  it  widely  from  the  other  Burling- 
ton species. 

Three  limestone  specimens  came  from  the  basal  layer  of 
the  Upper  Burlington  limestone  in  Pratt's  quarry,  while  the 
specimen  here  figured  was  found  near  Curryville,  Mo.,  and  the 
type  specimen  from  a  chert  on  the  hillside,  west  of  Louisiana. 

While  there  is  some  resemblance  in  outline  between  Cadas- 
ter laeznculus  and  C.  superbus,  the  latter  has  many  more  hydro- 
spire  slits  to  the  area  than  the  former,  and,  in  fact,  more  than 
any  other  Burlington  species,  except  C.  grandis.    The  r 
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ambolacra  and  ^eater  size  also  are  specific  characters  of  C. 
superbus. 

Note. — The  discovery  by  die  writer  of  granular  surface  or- 
namentation on  the  plates  of  both  dorsal  and  ventral  cups  of 
certain  well-preserved  Burlington  conoids,  usually  considered 
smooth,  has  led  him  to  believe  that  this  granular  character  is 
rather  the  rule  than  the  exception  and  he  is  not  surprised  to 
add  to  his  list  other  granular  species  from  time  to  time.  The 
list  at  present  embraces,  AgaricocHnus  brevis,  Eretmocrinus 
coronatus,  Baltocrinus  subaequalis,  Steganocrinus  sculpt  us, 
AgaricocrinHs  bullatus,  Agaricacrinus  wortheni  (from  the  Ke- 
okuk) and  several  species  of  Megtstocrinus  and  Dolaiocrinus ' 
(from  the  Devonian). 

EXPLANATION  OF  PLATE. 

(All  Hgures  except  Agure  8  are  drawn  natural  sise.) 

Cyatkocrinut  fonnofut,  a.  sp. 

Fig.  I.    Side  view  of  the  type  as  it  lies  on  a  slab,  natural  size. 

Cryptoblastut  melo  O.  &  9. 
Fig.  2.    A  lateral  view  of  a  crushed  specimen  showuig  two  or  Hiree 
of  the  loff  stem  joints.    Natural  size. 

Fig.  3.  A  view  of  the  anal  interradiDS  of  another  specimen  abowisg 
an  extra  plate  below  the  deltoid. 

ScliUoblastus  sayi   Shumard. 
Fig.  4,    Ventral  view  of  a  specimen  showing  a  central  roof  of  small 
plates  that  extends  out  over  the  ambulacra. 

LophoblaitKS  pentagonus,  n.  sp. 
Vies.  5,  6,  7.     Basal,  summit  and  side  views  of  the  type.     Nat  size, 
Rg.  8.    Ventral  view  of  the  same  specimen,  four  diameters. 

Erelmocrinuf  nodosus  Rowley. 
Fig.  9-     Side  view  of  a  fine  specimen,  natural  size. 

Amplexus  archimediformit,  n.  sp. 
Fig.  10.     Side  view  of  the  type  specimen,  natural  size. 

Monilopora  amplexa  Rowley. 
Kga.  11,  12,  13,  14,  IS,  16.     Stem  joints  surrounded  by  Montlopora, 
natural  size. 

Figs.  17,  18.    Swollen  stem  joints  with  pits  and  depresskmi. 

Fig.  19.    A  large  crinoid  slcm,  enveloping  Monilopora,    Nat  si«. 

Orophocrinus  stelliformis  0.  &  S. 
Fig.  30.    Ventral  aspect  of  a  natural  cast,  natural  size. 
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Orophoc-rittut  cowctisT  W.  &  Sp. 
Fig.  21.    Side  view  of  a  specimen  apparently  of  this  species, 

Orophocrinus  Melliformuf  O.  &  S. 
Figs.  22,  23,  24.    Side  and  summit  views  of  an  apparently  your.g 
specimen. 

Penlremites  conoideus  Hall. 
Fig.  25,    Side  view  of  a  robus  specimen  with  slightly  concave  base. 
Fig.  a6.    -Side  view  of  an  elongate  specimen  with  convex  base. 

Melabltutms  hipyramictalis  Hall. 
Fig.  28.    Side  view  of  a  small  specimen  preserving  the  pinnules. 

J  Melablastus  lintalus  Shumard. 

Fig.  27.    Side  view  of  a  small  specimen,  with  detached  column  near. 
I^g.  3g.    Side  view  of  a  small  specimen,  preserving  the  test,  natural 
size.  - 

Fig.  3a    Side  view  of  a  medium  sized  internal  cast,  natural  size. 

Cadaster  gracillitnus  Rowley. 
Figs.  31,  32.    Side  views  of  tivo  difTerent  specimens,  natural  sire. 

Mesohiasttts  kirkwondensisf  Shumard. 
Figs.  33,  34.    Side  and  summit  views  of  the  same  specimen,  natural 

Codatter  sttperbtu,  n.  sp. 
Figs.  35,  36,    Side  and  summit  views  of  the  type,  a  natural  cast, 
natural  size. 

Codatter  lacvicului  Rowley. 
Fig.  37.    Side  view  of  a  specimen  preserving  the  test,  natural  siie. 
Fig,  38.    Side  view  of  a  natural  cast  of  this  species,  natural  size. 
Fig.  39.    Side  view  of  a  natural  cast,  doubtfully  identilied,  natural 

.Codasler  grandts  Rowley. 
Figs.  40,  41.    Side  and  snmmit  views  of  a  :iatural  cast,  natural  size. 
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FJORDS  AND   HANGING   VALLEYS. 
B7  Wabkbm  Cphiu,  St.  Pa.al,  Minn. 

From  Denmark  and  Norway  we  receive  the  word  fjord, 
designating  any  long  and  often  branched  inlet  of  the  sea,  in- 
closed in  Denmark  by  shores  of  only  moderate  hight  and  gen- 
tle slopes,  but  in  Norway  having  steep  or  occasionally  precip- 
itous shores,  frequently  of  mountain  hights. 

If  we  retain  the  foreign  spelling  of  the  word,  as  here, 
instead  of  anglicizing  it  to  fiord,  its  unique  orthography  tells 
the  reader  that  it  is  of  Scandinavian  origin,  bringing  to  mind 
the  grand  Norwegian  fjords,  the  longest  and  deepest  in  the 
world,  one  of  which,  the  Sogne  fjord,  extends  more  than  a 
hundred  miles  inland,  has  many  branches,  is  enclosed  by  clifEs 
and  plateaus  about  a  mile  high,  and  has  a  maximum  depth  of 
4,080  feet  beneath  the  sea  level.  The  reader  is  also  obliged  by 
that  original  spelling  to  pronounce  fjord  as  a  monosyllable, 
and  learns  that  the  j  has  the  sound  of  our  y  as  a  cons<Miant. 
Etymologically  this  word  is  nearly  akin  vrith  the  Scottish  iirlh 
and  frith;  and  it  is  to  be  remarked  that  some  of  the  fjords  or 
friths  of  Scotland  have  low  shores,  as  in  Denmark,  while  many 
others  are  like  the  awe-inspiring  fjords  of  Norway. 

Thus  it  is  seen  that  the  term  fjord  is  well  applicable  to 
the  inlets  of  the  relatively  low  coasts  of  Maine,  the  eastern 
provinces  of  Canada  and  Newfoundland,  and  to  Puget  sound 
and  all  its  branches,  though  immediately  inclosed  by  land  of 
no  great  altitude.  Generally,  however,  this  name,  in  most  re- 
gions for  which  it  is  commonly  adopted,  as  for  the  majestic 
Saguenay  river,  and  in  Labrador,  Greenland,  all  our  Artie  ar- 
chipelago, and  Alaska,  on  the  coast  of  British  Columbia,  and 
in  Patagonia  and  New  Zealand,  signifies  a  deep  but  narrow  in- 
let of  the  sea,  in  a  deep  valley  or  gorge,  with  steep  and  very 
Iiigh  shores. 

Continuing  inland,  the  fjord,  valley,  gorge,  or  caii(Hi,  is  oc- 
cupied by  a  stream,  to  which  other  streams  are  tributary  from 
«ach  side.     Likewise  the  arms  of  the  longer  fjords,  and  the 
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landward  continuations  of  their  valleys,  show  a  perfect  analo- 
gy with  river  systems.  Therefore  Dana,  a  half  century 
ago,  in  1855,  in  his  address  as  the  retiring  president  of  the  Am- 
erican Association,  explained  the  fjords  as  channels  eroded 
by  rivers  when  the  lands  so  indented  stood  higher  than  now, 
at  altitudes  measured  by  the  depths  of  the  fjords  now  beneath 
the  sea ;  and  at  the  same  time  he  sagaciously  ascribed  the 
cold  of  the  Glacial  period  to  such  increase  in  the  elevation  and 
extent  of  northern  lands. 

An  argument  lately  urged  against  the  river-erosion  of  the 
fjords,  and  instead,  referring  these  deep,  narrow,  and  often 
irregularly  bending,  zigzagging  and  branching  valleys,  chan- 
neled far  beneath  the  level  of  the  sea,  to  ice-erosion,  is  drawn 
fr«n  the  frequently  discordant  junctions  of  their  relatively 
small  tributaries.  On  each  side  of  the  deep  fjords,  and  in  like 
manner  on  the  sides  of  deep  inland  valleys  of  glaciated  areas, 
the  small  inflowing  streams  often  occupy  nature  upland  val- 
leys, which  have  gentle  descent  until  near  or  at  their  de- 
bouchure into  the  main  valley,  where  they  suddenly  fall  off 
hundreds  of  feet  to  join  the  trunk  valley  or  bed  of  the  fjord. 
These  high  tributary  stream  courses,  havii^  so  remarkable 
discordance,  have  been  called  hanging  valleys  by  Gilbert  and 
Davis;  and  other  geologists  and  geographers  have  generally 
adopted  this  name  for  these  significant  topc^aphic  forms.  It 
is  argued  by  Gannett,*  Gilbert,!  Davis,J  Hubbard,§  and  oth- 
ers, that  glaciation  of  the  main  valley  or  fjord  cut  it  down  so 
far  beneath  its  former  land  surface,  while  the  small  tributary 
valleys  were  only  slightly  lowered  by  the  feebler  glaciation 
there,  the  ice  being  thinner  and  having  slower  motion. 

But  against  this  theory  of  glacial  erosion  of  great  valleys 
and  fjords  beneath  the  levels  of  the  small  hanging  valleys, 
strong   reaction   and   remonstrances   have  yet  more   recently 

•Henrr  OuiDett,  "Lake  Chelan,"  Xatloaal  Geographic  MagBilne,  vol.  ix, 
pp.  417-428,  1898. 

to.  K.  Ollbert.  "Qlaclere  aod  Olaclatlan,"  H&rrlman  Alubl  Eipedltlan, 
rol.  Ill,  1S04. 

tW.  U.  DftTlt,  "QlnclBl  Groilon  In  France,  SwJCzerland,  and  Norway," 
FrD««cd[nn  of  the  BoaCoD  Bocletj  of  KatQrAl  History,  vol.  iili,  pp.  ZT3-322, 
Inly,  1900,  Thfi  paper  contains  a  bibliography  In  Its  lant  two  pages :  and 
It  notes  the  Brat  uie  of  the  name  flanotnir  vailev'-  '"  prapoaed  Iq  1899  by 
Gilbert,  on  pace  288. 

IGeorse  D.  Bnbbard,  "Fiords."  and  "On  the  Origin  of  Fiords,"  BnlletlD 
or  the  Amerliwn  Geograpblcal  Society  of  Vew  York,  vol.  mill,  pp.  380-337, 
and  401-408,  1901.  (Prepared  as  a  Chesls  In  Geography,  under  Prof.  W.  M. 
DaTta,  at  HairBTd  CnWcrslIy.) 
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been  voiced  by  Tarr,*  Fairchild.t  and  Russell,$  with  whom  I 
confidently  concur.  In  numerous  places  where  glaciation  had 
been  supposed  to  account  for  the  over-deepening  of  the  trunk 
valleys,  it  is  shown  by  these  writers  that  insuperable  objec- 
tions oppose  such  an  explanation,  that  the  ice-erosion  was  of 
small  amount  in  comparison  with  river  sculpture  and  weath- 
ering, and  that  similar  relations  of  canons  and  hanging  val- 
leys occur  in  regicais  which  have  had  no  glaciation. 

Epeirc^enic  uplifting  of  great  areas,  comprising  large  parts 
of  continents,  rejuvenating  the  principal  streams  so  that  they 
cut  down  their  channels  rapidly,  while  the  little  tributaries 
lagged  in  their  downward  channeling,  seems  to  me  the  general 
and  acceptable  explanation  of  the  very  deep  valleys,  canons, 
and  fjords  with  their  lateral  hanging  valleys. 

Ko  more  certain  conclusion  in  the  science  of  geology  has 
been  attained  than  the  uniqueness  of  the  Ice  age.  For  this 
period  of  quite  unusual  and  unexampled  conditions  in  climate 
and  snow  and  ice  accuniiulati<:Mi,  some  equally  extraordinary 
causes  must  be  sought.  It  is  found,  as  I  believe,  in  the  epeir- 
ogenic  elevation  of  the  areas  that  were  glaciated.  The  meas- 
ure of  their  uplift,  or  a  part  of  it  ,  is  supplied  by  the  depths  of 
the  fjords,  which  cannot,  as  I  think,  be  logically  referred  to  ice- 
erosion,  but  must  instead,  be  due  to  river-channeling.  They 
show,  according  to  this  view,  that  the  glaciated  lands  had  been 
raised  thousands  of  feet  higher  than  now,  until  their  elevation 
brought  a  cold  and  snowy  climate.  While  they  were  being  up- 
lifted, and  during  the  early  part  of  their  elevation,  the  large 
rivers  cut  down  rapidly  and  deeply,  but  the  small  brooks  and 
rills  wore  very  little  and  remained  in  hanging  valleys,  an  ano- 
maly and  puzzle  for  geolc^ists. 

With  ice  envelopment  of  these  areas;  the  valleys  were  mod- 
erately glaciated,  their  sides  being  much  smoothed,  but  prob- 
ably receiving  little  or  no  addition  to  their  depth.    Finallv,  un- 

•Ralpb  S.  Tarr,  "HBn^InK  ValLeya  Id  tbe  Finger  Lake  BegloD  of  Cen- 
tral New  York,"  Amebican  Ghoi^oist,  vol.  iiilll.  pp.  271-281,  SUy,  1604. 
"Tbe  GoTges  and  Waterfalla  of  Central  New  York,"  Bulletin  of  the  AouTlcSlt 
Geographical  Hoclet;,  tol.  iiiTlt.  pp.  193-212,  April.  IBOS.  Frofeator  T«.rr, 
ten  feara  before,  had  attributed  Ijike  Cayuga  and  others  of  the  Vinm 
iftkes  to  glacial  eroalon,  on  tbe  evidence  of  tbelr  high  lateral  trlbatanea 
(Bulletin,  Geological  Society  of  America,  »ol.  v,  pp.  838.866)  ;  and  hla  latMt 
teittmons'  Id  faror  of  Biream  eroalon  aa  proHbl;  the  chief  agene/  In  the 
channeling  of  these  remarkable  lake  baslDS  la  thua  his  more  mature  conelu- 

tH.  L.  Falrcblld,  "Ice  Eroalon  Theory  n  Fallacy."  Balletln,  Qeologlcal 
Society  of  Amerka.  vol.  ivl.  pp.  13-T4.  February.  1905. 

tiarael  r.  Bussell,  "Hanging  Valleys."'  Bulletin,  Geological  Boclety  of 
America,  vol.  itI,  pp,  75-90,   February,   1006. 
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der  the  vast  weight  of  the  ice-sheets,  the  lands  were  depressed 
to  their  present  levels,  or  mostly  even  somewhat  lower;  tem- 
perate climatic  conditions  were  thus  restored,  the  ice  beir^ 
melted  away;  and  the  fjords  testify  to  the  depth  of  the  land 
subsidence  and  marine  submergence,  accompanying  the  de- 
parture of  the  ice,  and  continuing  to  the  present  time. 

In  some  instances,  however,  deep  valleys  and  discordance 
of  their  tributaries  are  doubtless  to  be  explained  by  the  dis- 
placement of  faulted  segments  of  the  bed-rock,  as  noted  by 
Crosby.*  ' 

Further  evidences  of  late  Pliocene  and  early  Pleistocene 
epeirc^enic  elevation  of  northern  land  areas  and  sea  beds, 
shown  by  entirely  submerged  fjords  or  continuations  of  river 
valleys,  and  by  beds  of  littoral  marine  shells  dredged  at  great 
depths,  have  been  adduced  by  Spencer,  Hull,  Brogger,  Nan- 
sen,  and  others,  including  the  present  writer.  Many  years 
since,  in  1889,  in  an  appendix  contributed  to  Wright's  "Ice 
Age  in  North  America,"  I  reviewed  the  evidences  then  known 
of  very  high  land  uplifts  as  the  principal  cause  of  the  Gla- 
cial period,  tracing  also  the  supposed  relationship  between  the 
crust  and  interior  of  the  earth  which  could  admit  of  so  great 
epeirogenic  movements.  No  better  explanation  of  the  causes 
of  glaciation  seems  to  me  to  have  been  brought  forward ;  and 
it  has  gained  new  and  strong  support  by  the  latest  discussions 
of  the  origin  of  fjords  and  hanging  valleys,  in  place  of  the 
distrust  which  in  the  minds  of  some  students  beset  this  view 
a  few  years  ago.  1 

The  early  suggestion  <A  Dana  thus  seems  still  sustained  by 
advancing  research,  namely,  that  three  grand  cMitinental 
movements  of  glaciated  regions  characterized  the  Glacial  and 
Recent  periods,  first,  great  uplifts  which  induced  the  ice  ac- 
cumulation; second,  subsidence  of  the  ice-burdened  lands, 
bringing  again  a  mild  climate  and  ending  the  Ice  age;  and, 
third,  moderate  reeievation,  lifting  coastal  parts  of  the  sea-bed 
to  be  again  a  land-surface.  The  epoch  of  great  uplifts,  doubt- 
less most  prolonged  far  northward  and  far  southward,  was  the 
time  of  deep  fjord  eroaon,  and  ensuing  lateral  planation  of  the 
fjprd  cliflFs  by  rasping  ice,  the  little  tributaries  being  left  high 
above  the  wonderfully  deepened  main  valleys. 

•'■The  BtDglDK  Vallefi  of  Georgetown.  Colorado."  Tecbnolog;  Quarterly. 
vol,  xvl.  pp,  41-60.  Harcn,  1903  :  also  In  tb«  Auhbican  Geoloqist,  toI.  mil, 
pp.  45-48;  July,    1903. 
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GlaeialioH  of  the  Grten  Mountains,  C  H.  Hitchcock,    pp.  ai,  Montpel- 

ier,  Vt,  1904. 

Under  this  title  Dr.  Hitchcock  discusses  also  the  glaciation  of  the 
Hudson- Champlain  valley,  of  the  Adirondacks  and  of  the  Canadian  ter- 
ritory  lying  next  adjacent  on  the  north.  He  shows  that  "there  was  a 
glacier  of  continental  dimensions,  having  its  starting  point  in  Labrador 
and  sending  out  streams  on  every  aide.  Part  of  it  moved  towards  New- 
foundland ;  more  of  it  slid  into  the  valley  of  the  St  Lawrence,  filled  it 
to  overflowing  and  discharged  as  rapidly  as  possible  over  the  New  Eng- 
land hights,  the  Chi mplain- Hudson  valley  and  the  Adirondack  sum- 
mits. Perhaps  the  greater  portion  followed'  the  depressions  of  the  great 
lakes  towards  the  upper  Mississippi.  The  Champlain- Hudson  valley 
was  the  line  of  least  resistance,  being  at  a  low  level  and  in  the  direct 
course,  and  therefore  the  ice  seems  to  have  followed  it  over  a  distance 
of  eighty  miles  out  at  sea,  while  the  excess  pushed  southeasterly  over 
New  England  upon  one  side  and  southwesterly  over  the  Adirondacks 
upon  the  other." 

The  author  shows  that  this  general  movement  took  place  notwith- 
standing the  mountainous  tc^Ktgraphy  that  stood  in  its  path,  and  proves 
it  by  detailed  observations  made  by  himself  and  by  others;  viz:  Gush- 
ing, Kemp,  Brigham,  Dana,  Upham,  Tarr  and  Ogilvie. 

Accepting  this  grand  truth,  which  the  author  appears  to  have  been 
the  first  to  formulate  in  print,  it  appears  capable  of  further  westward 
extension.  It  also  may  be  warrantable  to  greatly  extend  the  "starting 
point"  of  the  glacier  and  to  assume  that  the  Laurentide  ridge,  blend- 
ing with  the  Labrador  headland,  also  contributed  to  the  ice  flow  farther 
west.  It  is  true  that  to  the  west  as  far  as  the  north  shore  of  lake  Super- 
ior and  into  northern  Minnesota,  the  trend  of  ice-movement  during  the 
latest  ice-invasion  was  westward  and  southwestward.  This  seems 
properly  to  be  called  the  Laurentide  glacier.  But  there  was  also  anoth- 
er ntass  of  ice  that  moved,  in  the  northwest  at  least,  from  the  north, 
apparetXly  colliding  with  the  Laurentide  ice  and  fonrnng  some  of  the 
more  massive  of  the  Minnesota'  moraines.  The  maximum  artivity  of 
this  northern  glacier  was  perhaps  anterior  to  that  of  the  Laurentide 
glacier,  but  their  time  relations  have  not  yet  been  satisfertorily  estab- 
lished. 

The  generalization  of  Dr.  Hitchcock  for  New  England  will  certainly 
prove  not  only  to  be  a  valuable  aid  to  the  understanding  of  facial 
phenomena  in  the  region  discussed  by  him,  but  its  extension  westwaid 
agrees  well  with  many  facts  of  Michigan,  Wisconsin  and  Minnesota. 

N.  H.  w. 
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GroseiUi^S  and  Radisson,  the  first  white  men  in  Minnesota,  1655-56  and 
1659-60,  and  their  discovery  of  the  upper  Mississippi  river.  War- 
ren Upham.  (Col.  Minn.  Hist.  Soc„  vol.  10,  part  2,  pp.  449-594. 
'905) 

This  valuable  historical  contribution  is  divided  into  four  principal 
parts.  In  the  first  the  airthor  critically  reviews  and  interprets  the  or- 
iginal narration  of  Radisson,  coming  to  the  conclusion  that  he,  with 
his  brc*hcr- in-law  Gro.'eiUiers,  reached  Isle  Pelee,  or  Prairie  island, 
which  is  near  the  Minnesota  side  of  the  Mississippi  river,  near  the  north 
Ad  of  lake  P^in,  and  thus  touched  Minnesota  and  the  upper  Missh- 
si^i  earlier  than  any  other  traveller  in  that  latitude.  The  seooad  part 
is  devoted  to  observations  on  the  Indian  tribes  with  which  the  French- 
men came  in  contact  and  which  they  comment  on.  Part  three  is  a  sketch 
of  progreas  of  discovery  of  the  Mississiiq)!  river,  from  the  gulf  of  Mexi- 
co to  Sand;  lake  and  to  Itasca  lake,  extending  from  1498  to  1S04,  and 
the  fourth  part  consists  of  a  full  bibliography,  with  an^le  comments  by 
the  author,  of  what  has  been  previously  written  concerning  Groseiliiers 
and  Radisson. 

For  many  years  the  identity  of  "the  two  unknown  Frenchmen" 
mentioned  in  the  Jesuit  "rehtioRs,"  and  the  extent  of  their  travels  in 
the  western  country,  and  even  the  precise  date  of  those  travels,  have 
been  the  source  of  numerous  divergent  opinions.  When  the  original 
documents  were  published  by  the  Prince  Society,  the  identity  of  die 
travellers  was,  it  is  true,  revealed,  but  this  was  followed  by  an  equal  di- 
vergence >>f  opinion  K  to  how  the  documents  should  be  interpreted.  The 
writings,  while  certainly  embracing  in  the  main  a  mass  of  true  recordi 
of  actual  travels,  are  not  dated,  ere  often  vague  and  even  fictitious,  and 
are  hence  not  e^ily  adjusted  with  other  omtemporary  events  nor  with 
known  geography  of  the  regions  through  which  the  travellers  passed. 
Mr.  Upham's  very  full  and  careful  study,  when  considered  in  connection 
with  his  familiarity  with  the  western  country,  certainly  will  command 
the  attention  and  prtibably  the  acceptance  of  historical  readers  not  com- 
mitted to  other  interpretations.  The  document  itself  -is  the  result  of 
seven  years  research  as  secretary  of  the  Minnesota  Historical  Society, 
^  and  as  a  sample  of  historical  research  and  critical  analysis  of  historical 
evidetKe  is  above  criticism. 

Mr.  Upham's  view  is  one  of  several,  and  has  the  support  of  several 

■  learned  historians,  but  the  same  may  be  said  of  other  interpretations  of 

■  this  interesting  narrative.  It  may  be  many  years  yet  before  general 
agreement  is  reached  as  to  the  correct  understanding  of  Radisson's 
uncouth  journal,  n.  h.  w. 

Preliminars  report  on  the  geology  and  underground  water  resources  of 
the  central  great  plains.  N.  H.  Dartok,  Professional  Paper,  No.  32, 
U.  S;  Geol.  Survey,  pp.  433,  pis.  72,  1905. 

The  value  and  excellence  of  this  document  can  hardly  be  overesti- 
mated It  gnves  enough  of  the  geology  to  make  it  simple  to  the  pro- 
fessional geologist,  but  not  enough  to  make  it  technically  wearisome  to 
the  non-profesfiionail  citizen.    It  summarizea  in  a  very  lucid  way,  with 
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abundant  illustrations  and  maps,  what  is  known  of  the  underground  wa- 
ter conditions  of  a  large  tract  of  country,  from  the  iouth  line  of  Kansas 
tc  the  central  part  of  South  Dakota,  Mid  from  Iowa  ta  the  nvaunlaiiious 
regions  of  Wyoming  and  Colorado.  In  making  such  a  summary  it  be- 
coni-?s  necessary  to  embrace  a'  viit  [-.ass  of  drtails  already  kncwn.  and 
to  condense  them  to  a  birdseye  view,  so  directed  as  to  bring  out  the  sal- 
ient features  of  topography  and  geology  but  at  the  same  time  to  show 
most  clearly  .the  water  resources.  This  object  is  very  fully  and  admir- 
ably accomplished.  The  geology  of  the  whole  area  is  sketched  in  189 
pages,  this  part  embracing  the  greater  number  of  the  [diotographic  plates. 
The  general  water  conditions  of  the  whole  area  are  sketched  and  the 
deep  wells  and  well  prospects  of  ihe  'iifferent  ^tah^s  mic  tlien  given  in 
£ome  detail.  The  maps,  and  especially  the  generalized  stratigraphic  sec- 
tions, are  well  conceived  and  well  executed.  The  report  will  be  in  gre»t 
demand  throughout  the  whole  countij'  N.  u.  w. 
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CORRESPONDENCE. 


CoKKECTiON.  On  page  29  of  my  paper  "On  the  Apical  End  of  the 
Siphuncle  in  some  Canadian  Endoceratidje,"  etc.,  in  the  Ameucan  Ge- 
ologist for  January  last,  it  is  inadvertently  stated  that  the  genus  (Ra- 
pkifloma)  is  "not  known  to  occur  in  rocks  as  old  as  the  Caldferous; 
and  "that  the  limestone  at  Kingston  Mills  is  not  older  than  the  Chazy 
formatioa" 

The  first  of  these  statements  should  read, — the  genus  is  not  known 
to  occur  in  rocks  older  than  the  Calciferous ;  and  the  second — ^that  the 
limestone  at  Kingston  Mills  is  probacy  not  older  than  the  Caldferous 
formation.  J.  F.  WarrEAVES. 

Ottawa,  April  25,  1905. 


PERSONAL  AND  SQENTIFIC  NEWS. 


Dr.  Geo.  D.  Lauderback,  of  San  Francisco,  expects  to 
work  the  coming'  summer  on  the  geology  of  the  Mount  Diablo 
region  east  of  San  Francisco  bay, 

William  G.  Mather,  president  of  the  Cleveland-QifFs 
Iron  Company,  delivered  the  Class  Day  Address  May  5th  at 
the  Michigan  College  of  Mines,  Houghton. 

Dr.  Ralph  Arnold,  of  the  U.  S.  Geological  Survey,  will 
spend  the  summer  in  investigations  under  the  direction  of  Dr. 
Wm.  H.  Dall  in  the  Tertiary  of  the  Santa  Monica  mountains 
and  the  southern  Mount  Diablo  range,  California. 

Minnesota  Academy  of  Sciences.  At  the  274th  meeting 
on  May  9th  Mr.  Warren  Upham  presented  a  paper  entitled. 
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"Explorations  of  Verendn'e  and  his  sons  in  connection  with  the 
history  and  geography  of  northern  Minnesota," 

Prof.  Alexander  N.  Winchell  of  Butte,  Mont.,  has  been 
appointed  to  take  charge  of  the  state  of  Montana's  exhibit  at 
the  Lewis  &  Clarke  Exposition.  He  left  Butte  May  5th  to  go 
to  Portland  and  direct  the  installation  of  the  exhibit 

•The  Geological  Department  of  Colby  college,  Water- 
ville,  Maine,  has  been  abolished  by  the  trustees  of  the  college, 
the  reason  assigned  for  the  action  being  a  financial  one.  Prof. 
W.  S.  Bayley,  who  has  been  in  charge  of  the  department  dur- 
ing the  last  sixteen  years,  will  therefore  sever  his  connection 
with  the  institution  at  the  close  of  the  present  college  year. 
(5-™»«.) 

The  SrniNG  Meeting  of  the  Nationad  Academy  of  Sci- 
ences was  held  in  the  Lecture  Hall  of  the  National  Museum 
April  18th,  19th,  and  20th.  The  programme  was  unusually  ■ 
brief,  comprising  only  the  following  numbers : 

L  The  Mechanical  Equivalent  of  Light,  by  Edward  L. 
Nichols. 

n.  The  Effects  of  Alcohol  upon  the  Circulation,  by  H.  C. 
Wood  and  Dan'l.  M.  Hoyt. 

III.  The  Expedition  of  the  U.  S.  Fish  Commission 
Steamer  "Albatross,"  in  the  Eastern  Pacific,  by  Alexander 
Agassiz. 

IV.  Resequent  Valleys,  by  Wm.  M.  Davis. 

V.  The  Geographical  Cycle  in  an  Arid  Climate,  by  Wm, 
M.  Davis. 

VI.  A  Catalogue  of  Spectroscopic  Binary  Stars,  by  W,  W. 
Campbell. 

VII.  Discovery  of  the  Sixth  and  Seventh  Satellites  of  Jup- 
iter and  their  Preliminary  Orbits,  by  C.  D.  Perrine. 

VIII.  The  Axis  of  Symmetry  of  the  Ovarian  E^g  of  the 
Oyster;  by  W.  K.  Brooks' 

New  members  were  elected  as  follows:  J.  C.  Branner,  Le- 
land  Stanford  University.  California ;  W.  H.  Holmes,  Director 
Bureau  of  American  Ethnology,  Washington,  D.  C. ;  W.  H. 
Howell,  Dean  of  Medical  Faculty,  Johns  Hopkins  University, 
Baltimore,  Md, ;  Arthur  A.  Noyes,  Professor  of  Oi^nic 
Lhemistry.  Massachusetts  Institute  of  Technology,  Boston, 
Mass,;  Michael  I.  Pupin,  Professor  of  Physics,  Columbia  Uni- 
versity, New  York  City, 

Intercollegiate  Summer  Field  Course  in  the  Geology 
of  the  Appalachian  Region,  July-August,  1905.  A  geolc^cal 
field  course  of  five  weeks'  duration,  July  3rd  to  August  5th, 
1905,  will  be  given  under  the  direction  of  several  instructors, 
as  detailed  below,  in  selected  localities  of  the  Appalachian  re- 
gion, showing  the  undisturbed  Mesozoic  and  Cenozoic  strata 
and  the  littoral  features  of  the  Coastal  Plain  in  Maryland,  the 
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folded  Paleozoic  strata  and  the  adjusted  drainage  system  of 
central  Pennsylvania,  the  horizontal  Paleozoic  strata  and  the 
Glacial  phenomena  of  central  New  York,  the  ancient  crystal- 
lines of  the  southern  Adirondaks  and  the  unconformably  over- 
lying strata,  the  nietamorphic  rocks  and  the  Triassic  basins  of 
western  Connecticut, 

This  course  is  intended  for  teachers  and  students  (men 
only)  who  have  already  acquired  some  knowledge  of  gen- 
eral geology,  including  field-work.  The  fee  for  the  course  is 
$20,  payable  in  advance  to  professor  W.  IJ.  Clark,  Johns  Hop- 
kins University,  Baltimore,  Md.  Travelling  and  hotel  ex- 
penses will  probably  be  about  $100.  The  work  of  each  week' 
may  be  taken  separately ;  the  fee  in  this  case  will  be  $S  ^  week, 
payable  in  advance  to  the  instructor  of  the  week.  It  may  be 
necessary  to  limit  the  number  of  students  for  the  first  week; 
preference  will  be  given  to  those  who  take  the  entire  course. 
It  is  desired  that  members  should  enroll  their  names  not  later 
than  June  15th  with  professor  Clark  for  the  entire  course,  or 
with  the  instructor  of  the  week  they  propose  to  attend.  Each 
member's  outfit  should  include  note-book,  colored  crayons, 
compass,  clinometer,  hammer,  satchel,  labels  and  small  paper 
bags  for  specimens.  U.  S.  topographic  maps  of  the  districts 
visited  will  be  supplied  at  cost  (about  $1)  to  those  who  order 
them  through  professor  Oark  not  later  than  June  ist. 

It  is  probable  that  a  field  meeting  of  Section  £  (Geology 
and  Get^raphy)  of  the  American  Association  for  the  Ad- 
vancement of  Science  will  be  arranged  at  Syracuse  for  July 
2ist  and  22nd  (the  last  two  or  three  days  of  the  Syracuse 
week),  when  invited  speakers  will  give  some  account  of  the 
special  features  of  the  district  and  of  their  relations  to  similar 
features  in  other  parts  of  the  cotmtry.  The  field  meetings  of 
the  Section  will  probably  follow  the  prr^ram  indicated  below 
for  the  last  two  <^ys  of  the  Syracuse  week. 

The  circular  issued  gives  a  detailed  itinerary  of  each  week. 
The  instructors  for  the  separate  weeks  arc :  professors  W,  B. 
Oark,  W.  M.  Davis,  T.  C.  Honkins,  H.  P.  Gushing,  and  Jos. 
Barrel!. 
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THE  FOSSIL  TURTLES  OF  THE    BRIDOER   BASIN. 
By  O.  P.  H*i.  Ne»  York. 

The  greater  portion  of  the  deposits  known  as  the 
Bridger  beds  lie  in  the  Bridger  basin,  a  tract  extending 
northward  from  the  Uinta  mountains  to  about  latitude  42°, 
and  east  of  the  Wasatch  range  from  about  longitude  no", 
30  min.,  to  about  109°,  30  min.  The  north  and  south  ex- 
tent of  the  basin  is  therefore  about  fifty  miles,  the  east  and 
west  extent  about  sixty  miles.  The  thickness  of  the  de- 
posits is  given  as  from  2000  to  2500  feet.  The  strata  are 
composed  of  clays, '  more  or  less  arenaceous,  interrupted 
beds  of  sandstone,  and  occasional  thin  layers  of  limestone. 
The  argillaceous  beds  are  usually  yellowish,  grayish,  or 
greenish.  The  sandstone  masses  are  commonly  rusty 
brown.  The  stratification  has  a  dip  of  from  two  to  four 
degrees  to  the  north. 

Hitherto  geologists  have  regarded  these  beds  as.  take 
deposits.  Cope,  Powell,  Emmons,  and  King  considered 
them  to  be  such.  Th'ere  are  large  portions  of  this  basin 
which  the  writer  has  not  seen;  but  in  1903  he  spent  nearly 
two  months  in  such  typical  portions  of  it  as  the  Grizzly 
buttes  and  the  region  about  the  mouth  of  the  Cottonwood 
creek.  From  observations  made  there  the  conclusion  was 
reached  that  the  deposits  had  been  made  almost  wholly 
through  river  action.  It  is  difficult  to  comprehend  how 
■  such  coarse  materials  as  are  often  found  in  even  the  finer 
clay  deposits  could  have  been  borne  far  out  into  the  bed 
of  a  lake.  Had  the  deposits  been  made  in  a  lake  there 
ought  to  be  found,  at  each  level,  extensive  tracts  of  very  fine 
materials,  representing  the  quiet  central    portions   of    the 
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body  of  water ;  but  the  presence  of  such  beds  has  not  been 
indicated. 

To  the  writer  it  appears  that  this  basin  formed  in 
Bridger  times  a  nearly  level  country,  through  which  per- 
haps many  streams,  which  had  their  origin  in  the  surround- 
ing high  lands,  now  the  Uinta  and  Wasatch  mountains, 
were  flowing  to  some  outlet.  The  basin  had  only  a  moder- 
ate slope,  and  was  probably  covered  with  vegetation,  most 
probably  a  forest.  The  great  mass  of  the  materials  was 
probably  deposited  during  overflowing  of  the  streams;  and 
thus  was  produced  the  stratification  everywhere  observed. 
As  might  be  expected,  the  character  of  the  materials  changes 
within  moderate  distances.  Under  such  conditions  of  de- 
position, the  coarser  materials,  pebbles  and  sand,  would  be 
dropped  in  the  beds  of  the  streams,  the  finer  materials  over 
the  flood-grounds.  Through  the  choking  up  of  the  chan- 
nels by  the  accumulation  of  coarse  debris  and  through  other 
causes,  these  streams  would  often  be  forced  to  abandon 
their  beds  and  cut  new  ones.  The  old  channels  would 
then  become  covered  up;  and  at  a  later  time,  when  erosion 
had  done  its  work,  many  of  these  old  channels  would  b^ 
come  exposed.  One  of  the  things  which  especially  struck 
the  writer  in  his  peregrinations  over  and  among  the  buttes 
of  this  region  was  what  appeared  to  be  the  remnants  of 
some  of  these  old  , river-beds.  ■  Sometimes  they  appear  as 
masses  of  sandstone  many  feet  high,  with  the  finer  and 
more  clayey  layers  coming  up  abruptly  against  their  nearly 
perpendicular  sides.  Now  and  then  one  would  be  found 
emerging  from  the  side  of  a  hutte  and  reappearing  farther 
on  in  the  side  of  a  neighboring  butte. 

As  the  writer  returned  from  Wyoming  he  was  im- 
pressed by  the  conditions  along  the  Platte  river,  a  broad 
and  shallow  stream,  nearly  on  a  level  with  its  flood-ground. 
This  it  must  often  overflow ;  and  over  this  flood-ground  it 
must  wander  about  in  ever  changing  channels.  At  that 
time  the  Kansas  river  had  been  overflowing  its  banks,  and 
here  and  there,  in  the  region  about  Lawrence,  Kansas,  old 
and  abandoned  river  channels  were  again  filled  with  water 
and  appeared  as  temporary  lakes  far  away  from  the  present 
river.     Should  there  occur  at  some  future  time  in  this  re- 
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gion  extensive  erosion,  so  as  to  produce  hills  and  valleys, 
some  of  these  old  channels  would  appear  again  as  masses 
of  sandstone  enclosed  by  finer  sediments. 

'The  occurrence  of  abundant  fossil  remains  of  mammals 
and  of  reptiles  in  nearly  all  portions  of  the  Bridger  beds 
proves  that  there  existed  here  no  great  and  permanent 
lake.  How  many  mammals  or  even  of  turtles  are  probably 
buried  at  a  distance  of  ten  or  twenty  miles  from  the  present 
shores  of  lake  Michigan?  There  can  be  little  doubt  that 
most  of  the  animals  whose  remains  we  find  in  the  Bridger 
beds  liv€d  near  the  spots  where  they  were  buried.  They 
were  such  animals  as  would  be  found  in  a  low  wooded  re- 
gion. They  were  monkeys  and  bats,  broad-footed  uninta- 
theres,  horses  with  "developed  lateral  toes,  primitive  tapirs 
and  rhinoceroses,  lizards,  snakes,  and  crocodiles,  river  and 
marsh  turtles.  In  the  streams  were  gars  and  amias.  The 
fauna  was  one  of  the  most  abundant  and  varied  known  in 
the  history  of  the  world.  Already  nearly  two  hundred 
species  of  mammals  are  known.  The  number  of  species  is 
hardly  surpassed  by  the  Upper  Eocene  deposits  of  Europe 
or  the  Santa  Cruz  Miocene  of  South  America.  And  con- 
stantly new  and  surprising  things  are  coming  to  light. 

In  the  present  paper  the  writer  proposes  to  discuss  the 
chelonian  portion  of  the  Bridger  fauna. 

So  far  as  appears,  there  is  no  other  place  in  the  world 
from  which  so  many  species  of  turtles  have  been  obtained 
as  from  these  Bridger  beds.  The  number  of  well-founded 
species  now  appears  to  be  thirty-nine.  With  few  excep- 
tions, they  are  forms  that  have  evidently  inhabited  rivers 
and  marshes.  Many  of  them  are  closely  related  to  the  ex- 
isting turtles  of  the  rivers  and  ponds  and  marshes  of  the 
Mississippi  valley.  A  few  were  probably  terrestrial  species 
which  inhabited  the  surrounding  high  lands  and  were  syvept 
down  to  their  burial  places  during  times  of  high  water. 
Individuals  were  evidently  extremely  abundant,  and  por- 
tions of  their  skeletons  are  to  be  seen  almost  everywhere. 
Complete  shells  are,  of  course,  less  common,  but  may  be 
had  by  searching.  Shells  accompanied  by  limbs  and  skulls 
must  be  regarded  as  rare,  but  they  too  may  be  found. 

Turtles  from  "^he  Bridger  beds  have  been  described  by 
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Dr.  Leidy,  Prof.  Cope,  and  the  writer.  All  three  have 
visited  the  region  and  made  collections.  Dr.  Leidy  described . 
altogether  thirteen  species,  ten  of  which  must  be  regarded 
as  well  founded.  Two  of  these  ten  were  described  in  1869; 
three  in  1870;  four  in  1871 ;  and  one  in  1872,  Of  Cope's 
twenty-four  nominal  species  eighteen  appear  to  stand  the 
test  of  critical  study.  Twelve  of  these  eighteen  were_de- 
scribed  in  1872;  four  in  1873;  and  two  in  1884.  Up  to  the 
present  time  the  writer  has  described  a  single  species.  He 
has  in  hand  materials  for  the  description  of  about  a  dozen 
more. 

Dr.  Leidy  and  Prof.  Cope  were  largely  interested  in  the 
study  of  other  groups  of  fossil  vertebrates,  and  probably 
took  no  especial  pains  to  secure  good  and  abundant  chel- 
onian  materials.  A  few  of  the  shells  described  by  them 
were  quite  complete,  but  many  of  the  species  were  based  on 
very  fragmentary  specimens. 

In  the  year  1903,  the  writer,  under  the  auspices  of  the 
Carnegie  Institution,  spent,  in  company  with  Mr.  Walter 
Granger  and  Mr,  Albert  Thomson  of  the  American  Museum 
of  Natural  History,  nearly  two  months  in  the  region  of  the 
Grizzly  buttes  and  along  the  lower  portion  of  Cottonwood 
creek.  While  the  others  of  the  party  were  mostly  engaged 
in  collecting  fossil  mammals  the  writer  gave  especial  atten- 
tion to  the  securing  of  fossil  turtles.  Great  care  was  taken 
to  secure  good  materials  and  to  get  the  whole  of  every 
specimen  discovered.  As  a  result  of  this  work,  there  were 
obtained  about  140  specimens.  Some  of  these  are  indeed 
fragmentary;  but  many  of  them  furnish  fine  shells,  some  of 
them  large  portions  of  the  skeleton ;  and  altogether  about 
ten  skulls  were  secured.  Previously  only  one  damaged 
skull  had  been  brought  from  that  region.  Nearly  the  com- 
plete osteology  of  some  species  is  now  known  which  pre- 
viously were  represented  by  their  shells  only.  In  several 
cases,  species  which  had  been  based  on  fragments  of  the 
shells  are  now  represented  by  much  more  complete  mate- 
rials. 

Three  superfamilies  of  turtles  are  known  to  have  had 
representatives  living  in   this   Bridger  basin,  the   Amphi- 
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chelydia,  the  Cryptodira,     and     the     Trionychoidea.     No 
Pleurodira  have  yet  been  found. 

The  Amphichelydia  are  known  in  the  Bridget  beds  by 
only  the  genus  Baena.  This  genus  was  founded  by  Dr. 
Leidy,  who  described  two  species,  -*.  ttniiata  and  B.  arenosa. 
Cope  added  B.  hebraica  and  S.  ponderosa,  but  the  latter  is 
based  on  unsatisfactory  materials,  and  doubtfully  belongs ' 
to  the  genus. 

The  new  materials  belonging  to  this  genus  collected  in 
1903  include  several  skulls,  shoulder  and  pelvic  girdles,  limb 
bones,  and  cervical  vertebrae.  These  specimens  confirm 
the  validity  of  Lydekker's  group  Amphichelydia,  which 
was  based  especially  on  the  shell  of  the  English  Fleuro- 
sternon,  but  regarded  as  including  Baena.  Pleurosternon 
is  closely  related  to  the  Jurassic  Compsemys  pHcatula. 
Baur  thou^t  that  the  latter  species  was  the  ancestor  of 
Ba^na;  but  from  the  same  quarries  in  the  Jurassic  that  fur- 
nished Compsemys,  the  writer  has  described  Probaena,  a 
genus  still  more  closely  related  to  Baena.  Probaena  is  also 
related  to  Platychelys  of  the  Jurassic  of  Europe.  In  North 
America,  Baena  has  now  been  traced  back  to  the  Judith 
River  and  the  Belly  River  beds,  therefore  to  the  middle  of 
the  Upper  Cretaceous.  A  study  of  the  skeleton  of  Baena 
makes  it  certain  that  the  group  Amphichelydia  furnished 
the  ancestors  of  both  the  Pleurodira  and  the  Cryptodira. 
The  skull  is  almost  wholly  Cryptodiran,  while  the  shell  and 
the  neck  are  Pleurodiran  in  structure. 

Remains  of  the  species  of  this  genus  are  among  the 
most  common  fossils  in  the  Bridger  beds;  and  since  the 
shell  is  usually  thick  and  the  bones  coossified  the  specimens 
are  more  likely  to  be  well  preserved  than  those  of  any  other 
turtles.  They  were,  without  doubt,  active  swimmers,  and 
able  too  to  travel  about  on  land.  Their  heads  were  short 
and  broad,  giving  the  animal  a  rather  forbidding  aspect. 
They  were  almost  certainly  addicted  to  the  capture  of  living 
prey.  Their  habits  and  their  appearance  must  have  been 
much  like  those  of  our  snapping  turtle. 

Coming  to  the  Cryptodira,  we  consider  first  the  genus 
Baptemys.  Only  one  species,  B.  wyomingensis  Leidy,  has 
been  described.     Leidy's  type  did  not  furnteh  a  complete 
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plastron.  The  expedition  of  1903  obtained  this  and  a  por- 
tion of  a  skull.  Furthermore,  a  good  specimen  of  the 
species  has  been  described  by  the  writer  from  the  Yale 
University  Museum,  which  furnished  a  good  plastron  and 
most  of  the  skull.  The  genus  is  to  be  assigned  to  the 
Dermatemydidae,  now  represented  in  Central  America  by 
three  genera.   , 

The  family  Anosteiridae  is  represented  in  the  Bridger 
by  the  single  genus  Anosteira.  It  is  not  well  known,  only 
the  shell  having  so  far  been  discovered.  The  two  species 
A,  t/rnata  Leidy  and  A.  radulina  Cope  were  of  rather  small 
size.  They  possessed  beautifully  sculptured  shells.  It  is 
usually  supposed  that  they  were  closely  related  to  our 
modern  snapping  turtles,  but  a  discovery  of  the  rest  of  the 
skeleton  might  greatly  modify  this  opinion.  A  large  and 
imperfectly  preserved  species  belonging  to  the  Upper 
Eocene  of  England  has  been  referred  to  this  genus. 

Of  the  Emydidae,  the  pond  and  river  turtles,  there  are 
known  eight  Bridger  species,  all  of  which  have  been  de- 
scribed by  Leidy  and  Cope,  In  the  Mississippi  valley 
north  of  Tennessee,  we  find  only  about  a  dozen  living 
species  of  Emydidae.  The  Bridger  species  have  hitherto.  " 
been  placed  in  the  genus  Emys,  but  they  certainly  do  not 
belong  to  this.  They  are  more  closely  related  to  species  of 
the  genera  Chrvsemys  and  Clemmys.  Notwithstanding 
the  great  number  of  species  and  individuals  of  this  family 
which  occur  in  the  Bridger  beds,  only  a  portion  of  one  skull 
has  yet  been  found,  and  this  is  not  associated  with  the  re- 
mainder of  the  skeleton.  This  skull  shows  only  a  feeble 
development  of  the  ridge  on  the  masticatory  surface  of  the 
upper  jaw.  It  is  not  improbable  that,  when  skulls  shall 
have  been  found,  these  Bridger  species  of  Emydidae  will 
have  to  be  placed  in  some  new  genus  or  genera.  There  can 
be  no  doubt  that  the  habits  of  these  Emydidae  were  essen- 
tially such  as  our  modern  river  and  pond  turtles  display. 
They  haunted  the  borders  of  the  streams,  they  captured 
living  prey,  and  they  betook  themselves  to  the  bottoms  of 
the  streams  for  protection  from  their  enemies.  Usually  the 
shells  are  thick,  a  condition  indicating  probably  in  some 
cases  a  habitation  in  swift  streams;  in  other  cases  possibly 
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a  need  for  a  greater  specific  gravity,  in  order  to  remain 
more  easily  at  the  bottom  of  the  water;  in  other  cases  still, 
special  protection  against  their  enemies. 

The  Testudinidae,  or  true  land  tortoises,  are  repre- 
sented in  the  Bridger  beds  by  the  genus  Hadrianus.  Three 
species  have  been  recognized ;  but  one  of  these,  Hadrianus 
allabiaius  Cope,  is  based  on  very  doubtful  materials ;  while 
Cope's  H.  odonarius  is  not  to  be  distinguished  from  Leidy's 
H.  corsoni.  This  species  reached  a  length  of  riearly  three 
feet.  No  skull  of  the  genus  has  yet  been  found,  but  there 
can  be  no  doubt  that  it  was  a  true  land  tortoise,  such  por- 
tions of  the  internal  skeleton  as  have  been  discovered  agree- 
ing well  with  those  of  Testudo,  The  shell  had  not  yet 
reached  that  high  degree  of  differentiation  which  charac-- 
terizes  that  of  our  modern  members  of  the  genus  Testudo, 
but  it  was  on  the  way.  This  animal  probably  lived  on  the 
dry  lands  bordering  the  Bridger  basin. 

The  superfamily  Trionychoidea,  or  soft-shelled  tur- 
tles, was  abundantly  represented  during  Bridger  times, 
somewhat  more  than  one-half  of  the  species  found  in  south- 
western Wyoming  belonging  here.  The  writer  is  acquaint- 
ed with  twenty-two  species.  According  to  the  British 
Museum  Catalogue  of  Chelonians  there  are  at  present  living 
in  the  whole  world  only  twenty-six  species.  Only  six 
species  now  inhabit  the  United  States.  The  Bridger  rivers 
and  brooks  must  have  swarmed  with  these  creatures.  Some 
of  them  attained  a  large  size,  equalling  or  nearly  so  some  of 
the  Asiatic  species,  one  of  which,  Amyda  triungun  (Forsk.) 
has  the  dorsal  disk  31  inches  long. 

Of  the  Trionychoidea  the  writer  recognizes  two  fami- 
lies, the  Trionychidie  and  the  Plastomenidje.  The  type  of 
the  latter  family  is  the  genus  Plastomenus  Cope,  That 
which  distinguishes  this  genus  from  all  the  genera  of  the 
Trionychidie  is  the  completeness  of  the  plastron.  In  the 
'members  of  the  latter  family  there  are  always  fontanelles 
between  the  lateral  halves  of  the  plastron,  as  well  as  others 
between  the  carapace  and  the  outer  ends  of  the  hyoplastron 
and  hypoplastron.  In  a  few  species  these  may  become 
nearly  closed  in  extreme  old  age.  The  species  presenting 
the  most  nearly  complete   plastron   is     Cydoiierma     aubryi. 
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fibred  by  Siebenrock  (Sitzber.  Akad,  Wissensch.  Wien, 
xci,  1902,  p.  836),  No  specimen  of  Plastomenus  has  yet 
furnished  the  epiptastra;  but  in  the  American  Museum  of 
Natural  History  are  several  specimens  of  J'-  thomasii 
which  present  the  hyoplastra,  the  hypoplastra,  and  the 
xiphiplastra ;  while  one  specimen  of  -^.  oedemius  has  fur- 
nished the  entoplastron.  These  materials  show  that  nearly 
as  far  forward  as  the  entoplastron,  the  lateral  halves  of  the 
plastron  were  as  closely  joined  as  in  the  Emydidae.  The 
antero-interior  angles  of  the  hyoplastra  are  truncated,  so  as 
to  form  a  median  notch,  but  this  is  nearly  filled  up  by  the 
broad  entoplastron.  The  fontanelles  at  the  outer  ends  of 
the  hyo-hyoplastral  bones  too  are  nearly  closed.  The  cara- 
pacial  disk  likewise  is  at  an  early  age  filled  out  nearly  to 
the  ends  of  the  ribs.  A  well-preserved  skull  of  Plastomenus 
thomasii  was  found  in  1903,  but  it  does  not  appear  to  be 
essentially  different  from  that  of  the  Trionychidse.  The 
palate  has  not  yet,  however,  been  exposed  to  view.  The 
skull  is  long  and  pointed,  as  in  Platypellis  mutica.  The 
limbs  are  as  yet  unknown. 

Of  Plastomenus  Cope  had  only  fragmentary  materials 
when  he  described  the  genus;  and,  while  he  recognized  that 
the  plastron  was  more  complete  than  in  the  Trionychidse, 
he  was  unable  to  define  well  the  genus.  Moreover,  he  in- 
cluded in  the  genus  some  species  which  belong  elsewhere. 
First  from  a  specimen  collected  for  Prof.  Cope  in  the 
Bridger  beds  of  the  Rattlesnake  range,  Wyoming,  but  never 
studied  by  him,  was  the  writer  able  to  understand  the  real 
structure  of  the  plastron  and  carapace.  A  figure  of  the  plas- 
tron of  this  specimen  is  here  presented. 
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The  Trionychidae  form  an  important  part  of  the  exist- 
ing faunas  of  North  America,  Africa,  and  Asia.  The 
division  of  the  family  into  genera  has  proved  to  be  a  diffi- 
cult undertaking.  Most  of  the  living,  as  well  as  of  the  , 
fossil  species,  have  hitherto  been  referred  to  the  genus 
Trionyx.  The  genera  have  been  discussed  by  the  writer 
in  the  -Proceedings  of  the  American  Philosophical  Society, 
vol.  xlii,  1903,  pp.  268-274.  Dr.  Stejneger  (Science,  xvi,  1905, 
p.  228)  has  since  shown  that  Amyda  Oken  antedates  Aspi- 
donectes  Wagler.  The  new  genus  Aspideretes  is  proposed 
by  the  present  writer  in  the  article  cited  for  such  Triopy- 
chidae  as  possess  eight  pairs  of  costal  plates  and  a  preneural, 
a  plate  between  the  nuchal  and  the  first  neural.  To  this 
genus  are  referred  three  Bridger  species.  One  of  these  was 
described  by  Dr.  Leidy  under  the  name  Trionyx  gultatus 
His  material  consisted  of  only  a  portion  of  the  rear  of  the 
carapace.  The  expedition  of  1903  secured  portions  of  three 
individuals.  These  furnish  most  of  the  plastron  and  of  the 
carapace,  the  pelvis,  and  portions  of  the  femora.  Unfortu- 
nately, in  all  the  specimens  the  region  in  front  of  the  first 
neural  is  damaged,  so  that  the  existence  of  the  preneural  is 
yet  doubtful,  but  probable.  Even  in  aged  individuals  there 
was  a  pair  of  fontanelles,  one  on  each  side  of  the  midline, 
behind  the  nuchal.  Two  other  species  of  the  genus  were 
discovered  in  1903,  both  represented  by  fine  carapaces. 

The  genus  Amyda  Oken  embraces  species  which  have 
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eight  pairs  of  costal  plates  and  no  preneural.  Many  of  the 
living  species  belong  to  this  genus.  A.  uinlaensis  (Leidy) 
A.  raduius  (Cope),  A.  scutumantiquunt  (Cope),  and  prob- 
ably A.  coneentricus  (Cope),  all  belong  here.  All  were 
described  under  the  genus  Trionyx,  A.  raduius  was  orig- 
inally described  by  Cope  from  the  Wasatch  of  New  Mexico, 
but  he  referred  to  the  species  also  a  specimen  from  the 
Bridger  of  Wyoming.  This  is  now  in  the  American  Mu- 
seum of  Natural  History.  The  type  from  New  Mexico  ap- 
pears to  be  lost.  The  American  Museum  possesses  two 
carapaces,  one  nearly  complete,  collected  near  Opal,  Wyo- 
ming, which  certainly  belong  to  the  same  species  as  Cope's 
Wyoming  individual,  identified  as  A.  raduius;  but  whether 
or  not  the  Wasatch  specimens  are  the  same  remains  doubt- 
ful. The  Opal  specimens  come  from  the  base  of  the  Bridger 
beds;  and  it  is  possible  that  the  species  continued  through 
the  Wasatch  and  Green  River  epochs  to  the  Bridger. 

To  the  genus  Aniyda  is  referred  with  some  doubt  a  fine 
skull  which  the  writer  discovered  near  the  mouth  of  Cot- 
tonwood creek,  and  to  which  the  name  A.  Iritor  has  been 
given  (Science,  xix,  1904,  p.  254).  As  the  shell  was  not 
present,  the  skull  may  belong  to  some  other  genus  and 
possibly  to  some  of  the  already  described  species.  It  has 
a  length  of  nearly  six  and  one-half  inches  and  resembles 
closely  the  skull  of  Platypeltis  ferox  of  our  southern  states. 

The  genus  Platypeltis  is  characterized  by  the  reduc- 
tion of  its  costal  plates  to  seven  pairs.  At  the  most,  there 
may  be  vestiges  of  the  eighth  costals.  The  young  have  a 
smooth  or  finely  granulate  skin.  The  living  species  of 
North  America  belong  to  this  genus.  Four  species  are 
Jtnown  from  the  Bridger.  One  of  these  is  P.  helereglyptus, 
described  as  Trionyx  heteroglyplus  by  Cope  from  the 
hinder  half  of  the  carapace.  The  nuchal  was  present  with 
Cope's  specimen,  but  not  known  to  him.  Another  and 
complete  carapace  was  collected  in  1903.  In  Cope's  type 
the  eighth  costals  were  wholly  undeveloped;  in  the  new 
specimen  these  are  present,  each  lying  in  a  notch  in  the 
posterior  border  of  the  corresponding  seventh  costal. 
Platypeltis  irionychoides  (Cope)  was  described  from  frag- 
mentary materials  as  a  Plastomenus.     One  nearly  complete 
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carapace  and  two  plastra,  one  nearly  complete,  show  now 
that  the  species  is  a  Platypeltis.  Platypeltis  lerialis  (Cope) 
was  also  originally  described  as  a  Plastomeiius,  from  the 
Wasatch  beds  of  New  Mexico.  The  American  Museum 
party  of  1903  collected  a  carapace  and  large  portions  of  two 
plastra;  and  Mr.  Paul  Miller,  of  the  American  Museum, 
collected  in  1904,  a  complete  carapace  of  a  species  which  it 
seems  now  necessary  to  refer  to  Cope's  Wasatch  species. 
It  is  not  at  all  unlikely  that  better  Wasatch  materials  will 
prove  the  Bridger  form  distinct.  In  the  complete  carapace 
referred  to,  the  costals  of  the  eighth  pair  lie  in  notches  in 
the  costals  of  the  seventh  pair  and  not  in  contact  with  each 
other. 

Axestemys  byssinus  was  set  apart  by  Cope  in  a  separate 
genus,  Axestus,  preoccupied;  but  the  materials  representing 
the  only  species  are  scanty  and  the  characters  doubtful.  The 
plastron  is  devoid  of  pits  and  ridges.  Cope  made  much  of 
a  clothlike  network  of  the  superficial  bony  fibers ;  but  this  is 
found  in  all  trionychids. 

Most  of  the  species  of  Bridger  turtles  which  have  been 
described  have  come  from  the  region  within  a  few  miles  of 
Ft.  Bridger,  the  Grizzly  bnttes,  Cottonwood  creek,  and 
Church  buttes.  Of  some  of  the  species  described  by  Cope 
and  Leidy  exact  localities  are  not  given.  Not  enough  col- 
lecting has  been  done  in  other  localities  and  levels  to  enable 
US  to  determine  with  certainty  whether  the  species  changed 
rapidly  or  endured  throughout  the  whole  Bridger  epoch. 
Further  collecting  ought  to  be  done  about  Opal,  in  the  low- 
est division  of  the  Bridger  and  along  Henry's  fork,  where 
the  higher  beds  are  exposed. 

It  is  now  in  order  to  determine  if  possible  the  origin  of 
the  various  parts  of  the  Bridger  turtle  fauna. 

Considering  first  of  all  that  important  eleijient  consti- 
tuted by  the  genus  Baena,  we  cannot  doubt  that  it  de- 
scended from  ancestors  which  inhabited  the  same  region 
during  the  Upper  Jurassic,  and  which  are  represented  by 
Compsemys  plkaluta  and  Probaena  sculpla.  These  species 
were  closely  related  to  Plenrosternon  and  Platychelys  of 
Europe  and  were  a  part  of  that  fauna  which  had  at  that 
time  extended  itself  over  the  Northern  Hemisphere.     The 
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l^enus  Baena  has  now  been  traced  back  through  the  Wa- 
satch, the  Puerco,  and  the  Laramine,  to  the  Judith  River  and 
Belly  River  beds  of  the  middle  of  the  Upper  Cretaceous ;  and 
we  may  confidently  expect  to  find  in  some  freshwater  de- 
posits of  the  Lower  Cretaceous  other  forms  connecting  the 
genus  with  Probaena.  It  is  interesting  to  note  the  fact  that, 
-while  the  Amphichelydia  died  out  in  Europe  during  the 
Lower  Cretaceous,  they  persisted  in  North  America  until 
the  Uinta,  Furthermore,  that  it  held  its  ground  long  after 
■one  of  the  great  superfamilies  to  which  it  had  given  origin, 
the  Pleurodira,  had  been  driven  from  the  continent ;  for  we 
iknow  of  no  members  of  the  latter  group  in  our  country 
:after  the  Cretaceous. 

Taking  up  next  the  Trionychoidea,  the  soft-shells,  we 
must  believe  that  those  of  the  family  Trionychidae  had 
descended  from  forms  which  lived  in  North  America  during 
the  Upper  Cretaceous.  Several  species  occur  abundantly 
in  the  Laramine  and  in  the  Judith  River  and  Belly  River 
beds  of  Montana  and  British  America.  Of  these  Cretaceous 
species,  all  that  are  sufficiently  well  known  belong  to  the 
■genus  Aspideretes,  those  with  the  preneural,  and  the  writer 
believes  that  this  is  the  most  primitive  known  genus  of  the 
family.  So  far  as  we  know,  no  important  changes  have 
taken  place  in  the  structure  of  these  animals  since  the  mid- 
dle of  the  Upper  Cretaceous.  Aspideretes  beecheri  is  based 
■on  3  specimen  at  Yale  from  the  Laramie  of  Converse  coun- 
ty, Wyoming.  Nearly  the  whole  of  the  skeleton,  except  the 
head  is  present.  It  differs  little  from  others  of  the  family 
living  to-day.  Apparently  this  species  comes  to  us  from 
the  still  older  Judith  River  beds.  We  cannot,  therefore, 
doubt  that  the  family  had  had  a  long  previous  history ;  and 
it  is  to  be  expected  that  more  primitive  trionychids  will 
yet  be  found  in  some  of  the  freshwater  deposits  of  the 
Lower  Cretaceous,  in  company  with  remains  of  the  early 
representatives  of  Baena.  Ameghino  has  reported  Creta- 
ceous trionychids  from  South  America.  The  living  Trio- 
nychidae appear  to  love  flowing  waters ;  and  the  same  habit 
appears  to  have  possessed  the  other  known  forms.  We 
-may  therefore  expect  to  find  their  remains  only  in  river 
deposits  of  the  Lower  Cretaceous. 
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Professor  Cope  referred  to  the  genus  Plastomenus 
some  fragmentary  materials  from  the  Cretaceous,  but  there 
is  no  certainty  about  the  correctness  of  the  conclusion. 
Nevertheless,  we  must  suppose  that  there  were  Cretaceous. 
Plastomenidx ;  and  the  writer  believes  that  it  is  from  this 
family  that  the  Trlonychidae  have  been  derived.  The 
plastomenids  are  nearer  to  the  Cryptodira,  and  have  through 
degeneration,  lost  their  peripheral  bones.  Through  still 
further  degeneration,  in  adaptation  to  aquatic  life,  the  cara- 
pace and  especially  the  plastron  of  the  Trlonychidae  have 
become  still  further  reduced.  The  Plastomenidse  possess  a 
preneural  bone,  and  from  them  the  genus  Aspideretes  re- 
tained the  bone. 

Of  the  Anosteiridae  we  know  too  little  to  permit  any 
attempts  at  ascertaining  their  history. 

As  regards  the  Dermatemydidae,  represented  by  Bapte- 
mys,  it  seems  to  the  writer  that  we  are  justified  in  connect- 
ing the  family  with  Adocus,  which  is  a  common  genus  in 
the  Upper  Cretaceous  of  New  Jersey.  One  species  of  the 
genus  occurs  in  the  Puerco  beds  of  New  Mexico.  Professor 
Cope's  Chelydra  crassa  (Hoptockelys  crassa)  of  the  Puerco- 
appears  to  be  a  dermatemyd. 

Of  the  Emydidae  no  species  has  been  described  from  any 
formation  older  than  the  Wasatch ;  but  from  this  Cope  has^ 
described  on  good  materials  a  number  of  species.  At 
almost  the  same  time,  species  appeared  in  the  London  Qay 
of  England,  and  these  have  been  referred  to  the  existing 
genus  Chrysemys,  No  older  true  emyd  has  been  described 
from  any  country ;  but  in  the  American  Museum  of  Natural 
History  there  is  a  specimen  the  relationships  of  which  ap- 
pear to  be  with  the  EmydidK.  Jt  comes  from  the  Judith 
River  beds  of  Montana,  and  was  collected  many  years  ago- 
for  Cope.  The  plastron  is  broad  and  appears  to  be  con- 
structed as  in  the  Emydidce.  If  further  investigation  and 
discovery  shall  confirm  this  reference  of  the  species  to  the 
EmydidcE,  our  country  may  for  awhile  claim  the  origin  of 
the  family. 

As  already  stated,  the  Testudinidx,  or  true  land  tor- 
toises, are  represented  in  the  Bridger  beds  by  the  genus 
Hadrianus.  which  affords  at  least  one  large  species.       The 
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writer  has  had  the  opportunity  of  describing  a  fine  large 
species  of  the  genus,  Hadrianus  majusculus.  from  the  still 
older  Wasatch  beds.  So  far  as  he  knows,  npthing  older  of 
the  family  has  been  described.  Dollo  has  reported  a  Tes- 
tudo  from  the  Lower  Eocene  of  Belgium,  but  it  appears  not 
yet  to  have  been  described.  Whether  it  is  a  true  Testudo 
or  a  Hadrianus  remains  to  be  seen.  The  ancestry  of  the 
family  evidently  goes  back  into  the  Cretaceous,  and  its 
fatherland  we  know  not. 

It  may  be  instructive  to  consider  what  elements  are 
conspicuously  missing  from  the  Bridger  turtle  fauna.  There 
are  no  marine  forms ;  no  Thalassochelys,  no  Argillochelys, 
no  Lytoloma.  We  must  infer  from  this  and  other  facts, 
that  the  basin  was  well  shut  off  from  the  sea.  There  are 
likewise  no  Pleurodira.  It  is  more  surprising  that  there 
are  no  undoubted  Chelydrida:;  for  Anosteira  may  better  be 
retained  in  a  family  of  its  own.  Chelydra  has  the  marks 
of  an  ancient  form,  and  we  might  suppose  that  the  condi- 
tions furnished  in  the  Bridger  basin  were  eminently  favor- 
able for  its  existence;  but  Chelydra  first. appears  in  the  Up- 
per Oligocene  of  Europe.  It  is  not  known  that  the  genus 
appears  in  America  before  the  Pleistocene,  for  Chelydra 
crassa  Cope,  of  the  Puerco,  must  be  regarded  as  a  derraa- 
temyd,  to  be  called  Heploehelys  crassa.  There  are  no  Cin- 
osternidce.  Among  the  Emydidae,  there  is  no  true  Emys, 
with  hinged  plastron ;  nor  any  Terrapene,  box-tortoise,  with 
a  more  perfectly  hinged  plastron.  The  emyds  present  prob- 
ably belong  neither  to  Chrysemys  nor  to  Clemmys,  although 
closely  related  to  both. 

Professor  Osborn  (Ann.  K.  Y.  Acad.  Sci.,  xiii,  1900,  pp. 
19,  46)  synchronizes  the  Bridger  beds  with  the  Bartonian 
and  the  lower  portion  of  the  Ligurian.  So  far  as  the  writer 
knows,  the  Barton  has  furnished  no  turtles.  On  the  con- 
trary, the  Ligurian,  as  represented  in  England  and  France, 
has  yielded  numerous  turtles.  These  are  mostly  Triony- 
chidae,  which  have  been  described  under  the  name  Trionyx, 
but  would  be  included  by  the  writer  under  Amyda.  There 
are  also  Emydidx,  a  supposed  Anosteira,  and  a  supposed 
dermatemyd,  Trachyaspis  hantonensis.  There  are  no  Plas- 
tomenidae,  no  Testudinidae,  and  no  Amphichelydia.       The 
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chelontan  fauna  is  therefore  poorer  in  alt  respects  than  that 
of  the  Bridger  beds,  but  much  like  the  latter  as  far  as  it 
goes. 

A  few  words  may  be  added  regarding  the  relations  of 
the  Bridger  turtles  to  those  of  North  America  to-day.  From 
materials  in  the  American  Museum  of  Natural  History  it 
is  known  that  the  genus  Baena  continued  on  until  the 
Uinta.  After  this  nothing  is  known  of  it.  It  is  certain 
that  the  genus  Baptemys  became  extinct,  leaving  no  de- 
scendants living  to-day.  No  Bridger  dermatemyds  are  yet 
known  which  gave  rise  to  the  species  living  now  in  Central 
America;  but  such  probably  existed;  and  a  member  of  the 
family  has  recently  been  discovered  in  the  White  River  beds 
of  South  Dakota.  Anosteira  probably  died  out  during  or 
soon  after  the  Bridger  epoch.  That  some  of  the  Emydidae 
of  the  Bridger  beds  were  the  direct  ancestors  of  the  numer- 
ous species  of  Chrysemys  now  inhabiting  North  America 
is  very  probable.  Clemmys  is  represented  in  North  Amer- 
ica by  four  species  and  in  Europe  and  Asia  by  an  equal 
number.  It  therefore  becomes  a  question  which  continent 
supplied  the  other,  .North  America  at  present  has  the  best 
claim  on  the  genus,  for  the  writer  (Bull.  Dept.  Geol.  Univ. 
Cal.  iii,  p.  237)  has  described  one  species  from  the  Pliocene 
of  Oregon  and  another  from  the  Upper  Miocene. 

Emys,  as  at  present  recognized,  is  represented  by  a 
single  species  in  North  America  and  by  one  quite  similar  in 
Europe  ahd  Asia.  It  is  not  at  all  improbable  that  the  genus 
has  come  to  us  from  Asia,  and  that  from  it  there  has  been 
developed  here  the  various  species  of  Terrapene,  or  box- 
tortoises. 

The  genus  Hadrtanus  is  known  in  North  America 
from  the  Wasatch  into  the  Uinta,  As  remarked  by  Lydek- 
ker,  some  of  the  early  European  species  referred  to  Testudo 
may  belong  to  Hadrianus.  There  seems  to  be  no  reason 
why  the  genus  should  not  be  regarded  as  having  furnished 
the  ancestors  of  the  various  species  of  Testudo  which 
spread  themselves  over  the  world  during  Tertiary  times. 
In  North  America  genuine  species  of  Testudo  appeared  in 
the  lowest  White  River  beds  and  continued  on  into  the 
Pleistocene.  On  the  other  hand,  it  may  be  doubted  whether 
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the  land  tortoises  now  living  in  North  America  have 
descended  from  Hadrianus.  They  have  been  separated 
under  the  name  Xerobates,  on  account  of  the  symphystal 
ridge  of  the  upper  jaw.  During  the  White  River  and  John 
Day  epochs  there  existed  a  few  species  of  the  genus  Style- 
mys.  An  imperfect  skull,  referred  to  5.  nedrascensis,  nwo 
belonging  to  Princeton  University,  displays  the  same  pecu- 
liar structure.  There  are  also  various  resemblances  be- 
tween the  shells  of  the  living  and  the  extinct  forms ;  so  that 
a  real  relationship  is  suggested. 


ON  THE   LANSING  MAN.* 

B;  Prof.  S.  W.  Wii.i.mDM.  Ohlca^.  111. 

In  the  latter  part  of  March  of  the  present  year  a  brief 
newspaper  note  announced  the  discovery  of  a  human  skull 
and  other  bones  in  a  deep  excavation  made  by  Mr,  Martin 
Concannon,  for  the  purpose  of  storing  vegetables  and  dairy 
products,  in  the  vicinity  of  Lansing,  Kansas.  The  excava- 
tion had  been  begun  more  than  a  year  previously,  but  was- 
not  completed  until  in  February,  1902,  at  which  time  the 
skeleton  was  discovered  by  the  two  sons,  Messrs.  Michael 
T.  and  Joseph  H.  Concannon,  near  its  extremity,  or  about 
sixty-nine  feet  from  the  entrance.  Occasional  bones,  prob- 
ably of  other  animals,  had  been' discovered  during  the  pro- 
gress of  the  work,  and  not  a  great  deal  of  interest  was  ex- 
cited by  the  exhumation  of  the  human  bones.  They  were^ 
however,  for  the  most  part,  laid  aside,  though  many  frag- 
ments of  small  bones  had  been  cast  out  with  the  excavated 
material.  It  was  not  until  the  latter  part  of  March  follow- 
ing that  Mr.  Michael  Concannon  showed  a  part  of  the  man- 
dible to  a  newspaper  reporter,  who  published  the  first  brief 
notice  of  the  discovery.  This  notice  attracted  the  attention 
of  Mr.  M.  C.  Long,  of  Kansas  City,  who  immediately  visited 
the  site  of  the  discovery  in  company  with  Mr.  Butts,  a  civil 
engineer,  of  Kansas  City,  who  secured  such  of  the  bones  as- 

•  From  tbe  Proceedlnga  of  the  International  CooireaB  of  AmeHcan- 
IstB,  held  In  the  American  Museum  of  Natural  History.  New  York.  Octo- 
ber 20  to  ZG,  1902.  Thirteenth  Session  (paces  85-89).  Tbli  volume  waa. 
much    delayed    In    publlcaUon.    until  March.  IWG. 
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had  been  preserved.  Immediately  thereafter  there  was 
widely  published  a  newspaper  account  of  the  discovery  in 
some  detail,  ascribing  the  bones  to  the  glacial  age. 

I  had  planned  to  visit  the  locality  when  the  first  notice 
was  published,  but,  learning  from  Mr.  Concannon  that  the 
bones  had  been  taken  to  Kansas  City,  I  did  not  make  an 
examination  of  the  place  until  the  nineteenth  of  July,  in 
Mr.  Long's  company  and  by  his  invitation.  The  results  of 
my  observations  and  my  conclusions  were  published  in 
Stunee  foi  August  isl.  On  August  gth  a  further  and  more 
careful  study  of  the  site  and  adjacent  region  was  made  by 
Professor  N.  H.  Winchell,  Mr.  Warren  Upham,  Professor 
E.  Haworth,  Mr.  Long  and  myself,  an  account  of  which 
was  published  by  Mr.  Upham  in  Science  for  August  arst 
and  in  the  American  Geologist  for  September,  together  with 
additional  notes  by  Professor  Winchell.  On  the  19th  of 
September  a  still  further  examination  was  made  by  Pro- 
fessor T.  C,  Chamberlin,  Professor  R.  D.  Salisbury,  Pro- 
fessor W.  H.  Holmes,  Dr.  G.  A.  Dorsey,  Professor  E. 
Haworth  and  Mr.  Long.  The  conclusions  reached  by  these 
observers  do  not  agree  wholly  with  those  of  the  previous 
observers,  though,  I  believe,  there  is  no  contention  as  to  the 
authenticity  of  the  discovery  or  of  the  fiuviatile  character 
of  the  deposits  in  which  the  bones  were  found. 

The  bones  of  the  skeleton,  when  examined,  had  at- 
tached to  them  considerable  masses  of  the  characteristic 
matrix,  in  some  places  of  almost  stony  hardness.  Sufhce  it 
to  say  that  the  evidence  of  the  genuineness  of  the  bones  is 
apparently  beyond  dispute.  All  the  scientific  men  who  have 
investigated  the  subject  conclude,  I  believe,  that  the  bones 
were  actually  found  by  the  Concannons  where  and  under 
the  circumstances  they  describe.  Fortunately,  hence,  what- 
ever conclusions  are  reached  regarding  the  bones  by  compe- 
tent studrtits,  there  will  be  no  question  as  to  the  authen- 
ticity of  the  discovery. 

The  skeleton  was  found  irregularly  disposed,  accord- 
ing to  the  testimony  of  the  discoverers.  This  statement  is, 
in  part  at  least,  borne  out  by  the  evidence  presented  by  the 
bones  themselves.  The  right  acetabulum  has  an  indurated 
matrix  within  it  showing  the  impression  of  the  head  of  the 
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femur.  Some  fragments  of  the  bone  still  attached  to  this 
matrix  show  conclusively  that  the  femur  when  found  was 
almost  directly  reversed  in  position,  lying  parallel  with  the 
trunk.  The  left  Iremur  had  been  removed  from  its  socket, 
but  fragments  of  it  attached  to  the  horizontal  ramus  of  the 
pubis  show  that  it  must  have  been  lying  more  or  less 
obliquely  as  regards  the  pelvis.  Further  details  regarding 
the  skeleton  I  leave  for  the  abler  pen  of  Dr.  Hrdlicka.  Of 
immediate  interest,  however,  is  the  fact  that  a  single  left 
maxilla,  belonging  to  a  second  skeleton,  was  discovered  by 
the  young  men  ten  and  one-half  feet  distant  from  the  other, 
lying  almost  upon  the  limestone  floor  of  the  tunnel  at  its 
extreme  edge.  This  maxilla  is  that  of  a  child,  as  is  shown 
by  its  smaller  size,  the  presence  of  two  deciduous  molars, 
and  a  non-erupted  canine  tooth.  In  former  notices  of  the 
discovery  by  both  Mr.  Upham  and  myself  this  maxilla  was 
confounded  with  a  half  of  the  mandible  of  the  other  skele- 
ton, owing  to  the  imperfect  description  of  the  bones  by  the 
young  men. 

The  bones,  sixty-nine  or  seventy  feet  from  the  entrance 
of  the  tunnel,  wei'e  at  a  depth  of  nineteen  or  twenty  feet 
from  the  present  surface.  It  is  needless  to  say  that  the 
roof  of  the  tunnel  shows  no  evidence  whatever  of  previous 
disturbance.  The  walls  and  gently  arched  roof  of  the  tun- 
nel have  no  support  other  than  that  afforded  by  the  coher- 
ency of  the  material,  and  any  previous  excavation  would 
certainly  have  left  conspicuous  and  ineffaceable  evidences 
of  disturbance.  This  I  mention  because  various  newspaper 
writers,  with  more  zeal  than  wisdom,  have  explained  the 
occurrence  of  the  bones  as  those  of  convicts  from  the  state 
penitentiary,  buried  at  this  place.  All  such  stories  are  ab- 
surd in  the  extreme. 

The  limestone  floor  of  the  tunnel  is  covered  by  from 
two  to  four  feet  of  ancient  debris  of  limestone  fragments 
and  shales,  more  or  less  rounded  and  of  moderate  size, 
which  had  evidently  rolled  or  slid  down  from  the  adjacent 
hillside.  Lying  in  the  upper  part,  or  more  probably  upon 
this  debris,  and  enveloped  in  the  silicious  loess,  was  found 
the  skeleton,  perhaps  two  feet  above  the  limestone  floor. 
Neither  among  this  coarse     debris,  nor     elsewhere  in  the 
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walls  of  the  excavation,  could  be  found  any  foreign  pebbles 
or  other  material.  Above  the  debris  and  partly  intermin- 
gled with  it,  the  walls  are  composed  of  silicious,  calcareous, 
grayish  yellowish  loess,  of  river  origin.  Interspersed 
through  it  are  occasional  pebbles  of  water-worn  limestone, 
and  from  the  roof  were  obtained  quantities  of  rounded 
flinty  and  calcareous  pebbles,  a  quarter  to  a  half  inch  in 
diameter,  and  clearly  water-worn,  Gasteropods  of  four  or 
five  species  were  obtained  from  the  walls  of  the  excavation, 
and  from  the  edge  of  the  roof,  nearly  seven  feet  from  the 
floor,  Mr.  Long  and  I  dug  a  complete  cast  of  a  Cnio, 
showing  clearly  the  markings  of  both  valves. 

The  surface  of  the  ground  immediately  above  the  site 
of  the  bones  slopes  upward  toward  the  east,  that  is,  toward 
the  river  valley,  for  less  than  one  hundred  feet  to  the  sum- 
mit of  a  small  terrace,  fifteen  feet  higher  up,  overlooking 
the  river  valley,  and  upon  which  Mr.  Gincannon's  house  is 
situated.  It  is  certain^I  use  the  word  with  scarcely  any 
hesitation — that  originally  at  least  thirty-five  feet  of  river 
loess  had  covered  the  skeleton.  Since  1844  the  highest 
water  of  the  Missouri  river  was  in  i88r.  At  that  time  the 
water  reached,  according  to  Mr.  Concannon  whd  has  lived 
at  the  place  for  thirty-five  years,  to  within  twelve  or  thir- 
teen feet  of  the  horizon  of  the  bones.  The  high-water  mark 
then  was  twenty-five  feet  above  the  low-water  mark,  mak- 
ing altogther  seventy-two  or  seventy-three  feet  as  the  eleva- 
tion of  the  loess  terrace  above  the  river,  and  fifty-seven  or 
fifty-eight  feet  as  that  of  the  present  surface  over  the  bones. 

I  am  aware  that  some  of  the  geologists,  who  have  re- 
cently examined  the  tunnel,  while  admitting  that  the  mate- 
rial in  which  the  bones  were  found  is  of  river  deposition, 
believe  that  most  of  the  material  above  them  is  of  wind 
construction.  I  regret  to  say  that  I  must  differ  decidedly 
from  this  opinion.  Water-worn  pebbles  in  quantities  sev- 
eral inches  in  thickness  and  thirty  or  more  feet  in  extent, 
according  to  Mr.  Butts,  and  complete  shells  of  clams,  are 
not  what  we  would  expect  to  find  in  asolian  deposits ! 

Perhaps  a  foot  above  the  horizon  of  the  bones  there 
is  a  very  distinct  stratum  of  darker,  more  argillaceous  mate- 
rial, from  half  an  inch  to  three  inches  in  thickness,  traceable 
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nearly  the  whole  length  of  the  tunnel  with  an  inclination 
toward  the  mouth  of  the  excavation  of  about  seven  inches 
in  the  seventy  feet.  In  the  upper  part  of  the  tunnel  the 
homogeneous  material  shows  only  slight  stratification 
marks — still  they  are  to  be  seen  and  are  horizontal.  I  have 
collected  many  fossils  from  real  seolian  deposits  of  the 
plains,  but  never  under  such  conditions  as  are  found  here. 
Upon  the  surface  of  the  hillside  above  the  excavation  are 
at  present  to  be  found  quartzite  boulders  and  pebbles.  The 
limestone  hills  sloping  up  from  the  terrace  above  the  exca- 
vation to  a  height  of  a  hundred  and  Bfty  feet  have  abundant 
evidence  of  glacial  pebbles  and  boulders.  Is  it  not  reason- 
able to  suppose  that  in  past  times  the  debris  and  fragments 
sliding  and  falling  down  this  hillside  would  have  left  evi- 
dence of  intercalated  material  in  the  mud  deposits?  There 
are  no  such  evidences  in  the  walls  of  the  tunnel. 

As  to  the  age  of  the  deposits  in  which  the  bones  were 
found  I  can  of^er  no  decided  opinion  except  that  they  are  of 
Pleistocene  time,  contemporary  with  the  recently  extinct 
Equus  fauna.  Professors  Winchell  and  Upham  believe 
them  to  be  of  the  lowan  or  earlier  stage  of  the  Glacial 
period.  They  may  be  correct,  but  I  am  not  sufficiently 
familiar  with  glaciological  phenomena  to  vouchsafe  an 
opinion.  I  am  only  confident  that  the  skeleton  dates  from 
Pleistocene  times — and  is  old. 
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AQE  OP  THE  ST.  CROIX  DALLES. 

Bj  Wiuinr  Dpha>,  81.  P»nl,  MIdd. 

The  most  beautiful  gem  of  scenery  in  the  states  of 
Minnesota  and  Wisconsin  is  the  Upper  Dalles  of  the  St. 
Croix  river,  which  forms  a  part  of  the  boundary  between 
these  states.  By  legislative  acts  of  each  state,  the  land  on 
both  sides  of  the  river,  adjoining  this  picturesque  rock 
gorge,  has  been  made  an  Interstate  Park,  for  public  enjoy- 
ment and  instruction,  similar  to  the  International  Park  at 
Niagara  Falls.  From  the  "Twin  Cities"  of  St.  Paul  and 
Minneapolis,  and  from  a  large  surrounding  regiqn  of  both 
Minnesota  and  Wisconsin,  many  picnic  excursions  come  to 
the  St.  Croix  Dalles;  and  many  tourists,  especially  geolo- 
gists and  naturalists,  are  attracted  thither,  to  see  the  beauti- 
ful and  grand  scenery  of  the  gorge,  and  its  wonderful 
waterworn  potholes,  such  as  in  Germany  and  Scandinavia 
are  called  giants'  kettles. 

Therefore  much  attention  has  been  given  to  the 
geology  of  the  vicinity  of  the  Dalles,  by  Prof.  N.  H. 
Winchell  and  the  present  writer,  as  his  assistant,  on  the 
Geological  Survey  of  Minnesota  ;*  by  Dr.  C.  P.  Berkey,  Mr, 
A.  H.  Elftman,  and  the  writer,  in  later  papers,  coming  to 
the  study  of  this  area  from  its  Minnesota  side  ;t  by  Prof. 
T.  C.  Chamberlin  and  his  assistants  on  the  Geological  Sur- 
vey of  Wisconsin  ;t  and  most  recently  by  his  son,  Mr.  Rollin 
T.  Chamberlin,  who  last  year  spent  a  month  in  examina- 
tion of  the  Dalles  region.* 

The  last  author  has  well  described  and  mapped  the 
deploying  currents  and  recessional  moraines  of  the  Lake 
Superior  lobe  of  the  ice-sheet,  developed  during  the  Wis- 

•  Oeolonr  of  Minnesota,  vol.  i,  18M,  pp.  1%-T:  vol.  tl,  1SS8,  pp.  tW- 
tiS,    vlth    a,  map   ol   Chlaaso,    banti,  and  Anoka   counliea. 

t  CharleB  F.  Berkey.  Geolosy  of  the  9t.  Croix  Dalles,  Ah.  Qaouwm, 
vol.  XX.  pp.  HG-3K3,  witb  mapg  and  sectlona,  Dec.  1897;  and  vol.  zxl, 
pp.  ISH-IK,  and  ZK-tSi.  with  map*  and  plates.  March  and  May.  ISW. 

A.  H.  Elftman,  The  Bl.  Croli  River  Valley,  *■.  UbOlosut.  toI 
xxll,   pp.   58-01,   July,   I3S«. 

Warren  Upham.  PlelBtoceno  Ice  and  River  Eroalon  In  tne  St.  CrolX 
Valley  ot  Minnesota  and  Wlseonsln,  Bulletin,  Oeol.  Society  or  America, 
vol.  III.  pp,  13-2i.  Nov.,  IMO;  Giants'  Kettles  eroded  by  Moulin  TorronU. 
Bulletin   O.    8.    A.,   vol.    xll,  pp.   9-44,  with   a  map  of   the   Upper  Dalles, 

t'Oeoloiry  of  Wisconsin,  vol.  I,  ISS3.  pp.  161-3(»,  IncludlUK  a  lOMp 
of  the  Minnesota,  Superior,  Chippewa.  Qreen  Bay.  and  MIclUBaa  lobes  of 
ths  Ice  sheet,  the  Drirtless  Area,  etc.:  vol.  Ul,  1B90.  pp.  3S3-tts;  and  vol. 
Iv,  USZ.  pp.  »-lE9. 

SThe  aiaclal  Features  of  the  St.  Croix  Dalles  Reslon,     journal     ot 
Ogy,    vol.    xlll,    pp.    nS-SGS,    with  three  m^e,    Aprll-May.   ISOS. 
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consiti  stage  of  waning  glaciation,  and  also  the  courses  of 
movement  and  the  terminal  moraine  of  a  far  eastwardly 
projecting  outflow  from  the  great  Keewatin  ice-lobe  of  the 
northwest.  The  former  brought  red  drift,  colored  by  the 
peroxide  of  iron  from  the  red  sandstones  and  shales  of  the 
Lake  Superior  basin,  and  destitute  of  limestone  fragments; 
while  the  latter,  an  ice  invasion  from  the  Cretaceous,  Silu- 
rian, and  Cambrian  region  of  the  Red  river  valley  and 
Manitoba,  brought  gray  drift,  with  abundant  limestone 
boulders,  pebbles,  and  finely  comminuted  rock  flour.  In 
the  region  of  the  St.  Croix  Dalles,  the  red  Lake  Superior 
drift  forms  the  surface  on  the  Wisconsin  side,  and  reaches 
far  westward  under  the  gray  drift,  which  overspreads  the 
surface  in  Minnesota  and  reaches  sparingly  east  across  the 
St.  Croix  river,  as  carefully  traced  by  Mr.  Chamberlin,  to  a 
distance  of  about  one  to  three  miles  into  Wisconsin  for 
several  miles  north  and  south  of  the  Dalles. 

In  several  details  I  see  reasons  to  question  some  of  Mr. 
Chamberlin's  conclusions:  (i)  where  he  refers  the  gray 
drift  to  a  later  time  than  the  red  drift,  supposing  that  the 
Lake  Superior  ice  had  melted  off  from  this  vicinity  before 
the  Keewatin  ice  advanced  here;  (2)  in  his  regarding  the 
preglacial  course  of  the  St.  Croix  river  as  perhaps  a  few 
miles  east  of  the  Dalles,  passing  into  the  Apple  river  valley, 
and  thence  to  the  lower  St.  Croix  valley;  and  {3)  in  his 
reference  of  the  erosion  of  the  Dalles  gorge  to  the  work 
of  the  river  since  the  final  retreat  of  the  ice-sheet.  All 
these  questions  are  related  to  studies  and  conclusions  pre- 
sented five  years  ago  in  my  two  papers  before  cited  in  the 
Bulletin  of  the  Geological  Society  of  America,  which  appear 
not  to  have  been  considered  by  Mr.  Chamberlin  in  his 
recent  work.  Therefore  portions  of  those  papers  are  used 
again  in  the  following  discussion  of  these  several  points,  all 
bearing  on  the.  age  of  this  river  gorge. 

r.  The  Lake  Superior  and  Keewatin  ice  lobes  seem 
to  me  to  have  been  contemporaneous,  being  confluent  along 
an  uneven  and  wavering  line,  where  their  glacial  currents 
met,  or  where  one  overrode  the  other,  as  at  these  Dalles, 
and  along  a  course  trending  with  much  irregularity  and 
minor  lobation  in  a  general   northwesterly  and  northerly 
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direction  thence  through  central  and  northern  Minnesota. 
This  principal  interlobate  line  or  belt  was  similar  to  those 
lying  in  succession  between  the  Superior,  Chippewa,  Green 
Bay,  Michigan,  and  more  eastern  lobes  of  the  very  broad 
Laurentide  part  of  the  continental  glacier,  as  mapped  by 
Prof.  T.  C.^Chamberlin.* 

Why  the  Keewatin  glacial  currents  were  finally 
stronger  than  those  from  the  Lake  Superior  region,  pushing 
them  back  or  -overriding  a  part  of  that  ice  lobe,  I  have  ex- 
plained by  the  climatic  conditions  attendant  on  the  pro- 
gressive melting  of  the  ice  borders  mainly  from  southwest 
to  northeast  and  from  west  to  east,  enabling  the  gray  drift 
to  spread  over  the  red  drift  on  the  east  side  of  the  Keewatin 
lobe,  in  eastern  Minnesota,  from  St.  Paul  northeast  and 
north  to  Taylor's  Falls  and  Rush  City.l 

2.  It  was  suggested  by  Moses  Strong,  of  the  Wis- 
consin Geological  Survey,  that  the  St.  Croix,  or  more  prob- 
ably a  branch  of  it,  may  formerly  have  flowed  through  the 
ravine,  about  three-fourths  of  a  mile  east  of  the  Upper 
Dalles,  in  which  the  railroad  runs  south  from  the  station 
of  St.  Croix  Falls,  that  channel  being  abandoned  when 
the  present  channel  in  the  Dalles  became  deep  enough, 
through  erosion,  to  carry  all  the  water.t 

Berkey  and  Elftman,  in  their  papers  before  cited,  argue 
that  the  preglacial  upper  part  of  the  St.  Croix  passed  west 
of  the  Dalles,  the  former  regarding  it  as  probably  tributary 
southwestward  to  the  Mississippi,  and  the  latter  tracing  its 
course  in  coincidence  with  the  Sunrise  river  and  Chisago 
take  to  rejoin  the  present  St.  Croix  valley  farther  south. 

Mr.  Rollin  T.  Chamberlin  thinks  that  the  pregtacial 
St.  Croix  river,  flowing  past  the  site  of  the  Dalles  in  the 
channel  mentioned  by  Strong,  may  have  continued  past 
Dresser  Junction,  and  along  Horse  creek  valley  to  the  Ap- 
ple river,  which  lower  down  empties  into  the  present  St. 
Croix. 

■  Oeology  of  WlBCOiuiln,  vol.  I,  as  before  cited:  U.  8.  Qeol.  Survey, 
Third  Annual  Report.  lor  ISSI-82.  pi.  xxvlll,  and  Seventh  Annual  Re- 
port, for  ISSfi-e,  pi.  vlll. 

t  Chanses  In  Currents  at  the  Ice  of  the  L.aiit  Olaclal  ESpocti  In  Elast- 
em  Minneaota,  Proceedings  of  the  Am.  Assoc,  for  Auv.  ol  Science, 
vol.  ixxll.  for  1883.  pp.  231-2S4:  OeoloKT  of  Minnesota,  vol.  II.  ISSS,  pp,  iH- 

2K.  «n.4iT,  «a,  ooe-m. 

t  Geology   o(   Wisconsin,   vol.    Ill,  ISSO,  p.  416. 
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My  consideration  of  this  question,  in  the  first  of  the 
two  papers  cited  as  published  in  1900,  is  stated  as  follows : 

Th«  verr  long  Tertiary  era,  preceding  the  Ice  age,  bad  permitted 
the  larger  streama  of  Minnesota  and  Wisconsin  to  erode  deep  and 
wide,  well  matured  valleya,  free  from  waterfalls  or  strong  raplda, 
and  having  no  narrow,  rock-walled  gorges,  like  the  Dalles  of  the 
St.  Croix.  But  In  the  northern  drltt-coTered  part  of  the  United 
States,  and  throughout  Canada,  the  rivers,  on  their  again  coming 
into  existence  when  the  Ice  of  the  Qlaclal  period  melted  away, 
found  themselves  In  many  places  turned  aside  from  their  preglacial 
courses  by  the  drift  deposits  and  by  the  movements  of  continental 
uplift  and  subsidence  that  were  associated  with  Ihe  Ice  age.  In 
some  cases  formerly  independent  atreams  were  thus  united  to  make 
a  single  larger  river  system;  and  often  a  river  was  turned  out  of  Its 
old  drift-filled  valley  for  a  comparatively  short  distance,  as  a  few 
miles,  being  there  compelled  to  cut  a  new  gorge  in  the  bed-rocks. 

One  or  the  other  of  these  results  of  the  Qlaclal  period  has  been 
well  ascertained  as  the  fortune  of  so  many  rivers  In  the  great  drift- 
covered  region  that  the  occurrence  of  the  two  short,  grandly  plc- 
turesqne  rock  gorges,  or  canons,  known  as  the  Upper  and  Lower 
Dalles  of  the  St.  Croix,  so  named  by  the  French  voyageura  in  alln- 
alon  to  their  inclosing  walls  of  rock,  strongly  suggests  that  there 
the  stream  ts  now  flowing  in  a  course  which  It  has  cut  daring  and 
since  the  Ice  age.  No  closely  adjacent  belt,  however,  aeems  to  be 
probably  identifiable  as  a  drift-filled  preglaclal  valley.  Therefore, 
from  my  studies,  for  the  Minnesota  Geological  Survey,  of  the  comi- 
try  extending  many  miles  westward  from  the  St  Croix,  I  conclnde 
that  in  preglaclal  times  this  river  was  represented  by  two  quits 
Independent  rivers,  each  flowing  Into  the  Mississippi. 

The  greater  part  of  the  St.  Croix  drainage  basin,  Including  all 
above  the  raplda,  six  miles  long,  which  end  at  St.  Croix  Falls  and 
Taylor's  Falls,  I  think  to  have  belonged  before  the  Ice  age  to  a  river 
flowing  south  and  southwest  from  the  principal  elbow  of  the  present 
St.  Croix,  taking  approximately  the  course  of  the  Sunrise  river, 
which,  however,  now  runs  northward,  and  traversing  Anoka  county 
to  a  junction  with  the  Mississippi  somewhere  between  Anoka  and 
Minneapolis.  Thence,  as  Prof.  N.  H.  Wlnchell  has  shown,  the 
preglaclal  course  of  the  Mississippi  probably  passed  southeastward.* 

A  broad,  low  belt  of  sand  and  gravel  plains  stretches  acrosa 
the  distance  of  neariy  40  miles  from  the  St.  Croix  to  the  Missla- 
sippl  at  Anoka,  nowhere  having  a  greater  bight  than  150  feet  above 

■  An  Approxlmata  iDterBlacIo)  Chronometer,  An.  qkouwivt.  toI.  > 
pp.  BS-SD,  with  sectlona  and  a  map.  AugUflt,  1891.  On  ttna  mav  th« 
probable  preslactal  and  InterKlaoIal  cbanneli  of  tbe  Mlsalsalppl  In  the 
viclnltr  of  MtnneEUKHlB  and  St.  Paul  are  delineated.  dlfleiinK  much  trom 
tta  tireaent  oours*. 
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the  elbow  of  tbe  St.  Crdlx  and  the  mouth  of  the  SunilBe  river. 
On  the  east,  between  that  low  tract  and  the  St.  Croix  valley,  a  belt 
of  rolling  and  hUly  glacial  drift  or  tUl,  underlain  In  part  by  tbe 
bed-rocks  at  a  greater  altitude  than  tbe  sand  and  gravel  area  weet- 
ward,  divides  it  from  this  vaUer-    f    *    *    * 

About  it  sixth  part  of  the  St.  Croix  basin,  lying  easf  and  south 
of  Taylor's  Falls,  appears  to  have  been  drained  during  tbe  Tertlaiy 
era  by  a  stream  coinciding  nearly  with  the  Apple  river  and  tbe 
lower  thirty  miles  of  the  St.  Crolz  river.  The  targe  basin  and  river 
first  described  may  be  called  the  preglaclal  St.  Croix,  and  the  lower 
small  stream  mar  be  dlatlngulsbed  as  the  enlarged  preglaclal  Apple 
river. 

These  Tertiary  drainage  areas,  which  by  tbe  vicissitudes  of  the 
Ice  age  became  united  Into  one  stream,  the  present  St.  Crolz,  I 
think  to  have  been  divided,  up  to  the  time  of  the  Ice  accumulation 
In  the  Glacial  period,  by  a  watershed  of  tbe  very  old  trappean  and 
Cambrian  rocks,  extending  from  northeast  to  southwest  across 
the  sites  of  the  town  of  St.  Croix  Falls  and  Taylor's  Falls. 

3.  Berkey  ascribes  the  erosion  of  the  river  gorge  at 
the  Dalles  to  Late  Glacial  and  Postglacial  time,  and  thinks 
that  the  larger  part  of  the  erosion  was  accomplished  at 
the  immediate  close  of  the  Glacial  period,  during  the  time 
the  river  served  as  the  overflow  channel  for  the  West 
'  Superior  glacial  lakes. 

Nearly  the  same  view  is  presented  also  by  Mr.  Cham- 
berlin,  who,  reasoning  from  the  hights  of  the  sand  and 
gravel  terraces,  modified  drift  deposits,  in  this  valley  at 
Taylor's  Falls  and  northward,  concludes  that  the  cutting 
of  the  d^ep,  but  short,  gorge  in  the  Keweenawan  has  all 
been  accomplished  by  the  St.  Croix  since  the  retreat  of  the 
last  ice-sheet. 

Again  I  may  most  clearly  and  definitely  give  my 
reasons  for  a  different  view  by  quoting  from  the  same 
paper.  Pleistocene  Ice  and  River  Erosion  in  the  St.  Croix 
Valley  of  Minnesota  and  Wisconsin,  read  before  the  Geolo- 
gical Society  of  America  five  years  ago. 

In  tbe  Twenty-third  Annual  Report  of  the  Mlnnesots  Qeologlcal 
Survey,  for  the  year  189*,  I  have  stated  (on  pages  188-190)  tbe  evi- 
dence that  the  recession  of  the  Ice-sheet  during  the  Buchanan  Inter- 
glaclal  stage,  which  succeeded  Its  Kansan  stage  of  maximum  area 
west  of  tbe  Mississippi,  extended  northward  beyond  the  site  of 
Bamesville,  Minnesota,  on  the  southern  part  of  the  great  valley 
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pl&ln  of  the  Red  river  at  the  North.  Probably  at  that  Ume  the  Ice 
had  been  melted  away  from  nearly  or  quite  all  of  the  southern 
half  of  MinneBota.  That  the  retreat  of  the  Ice-sheet  had  uncovered 
the  southern  third  of  the  St.  Crolz  basin  is  shown,  in  Nessel  town- 
ship, Chisago  county,  Minnesota,  near  Rush  City,  by  an  interglacial 
land  surface,  with  wood  and  peaty  matter  upon  a  deposit  of  modi- 
fled  drift  that  was  laid  down  during  the  previous  retreat  of  the  ice.* 
Above  the  wood  and  peat  of  this  place,  and  above  an  extensive  plain 
of  the  Buchanan  modified  drift  reaching  thence  several  miles  east- 
ward, a  somewhat  uniform  mantle  of  till,  10  to  20  feet  deep,  was 
spread  during  the  ensuing  llllnoian  and  lowui  glacial  readvance. 
We  thus  know  that  the  district  Including  the  Dalles  and  extend- 
ing northward  at  least  to  Rush  City  was  uncovered  from  the  ice- 
sheet  during  the  Buchanan  stage  of  the  Glacial  period.  Later  the 
increasing  snowfall  again  permitted  nearly  all  of  this  basin  to  be 
enveloped  by  the  Ice  of  the  Illinolan  and  lowan  stages,  reaching  on 
the  .St.  Grolz  river  Boutbeasterly  to  the  conspicuous  moraine  belts 
which  pass  from  St.  Paul  and  Minneapolis  northeastward  to  the 
northern  half  of  lake  St  Croix  and  through  the  southesatem  part 
of  Chisago  county,  continuing  thence  onward  In  Wisconsin. 

Terraces  of  sand  and  gravel,  which  are  found  In  the  St.  Croix 
valley  4  to  10  miles  north  of  Taylor's  Falls,  mostly  having  a  higbt 
of  about  SO  feet  above  the  river,  are  remnants  of  valley  drift  de- 
posited during  the  Wisconsin  stage  of  the  final  departure  of  the  ice- 
sheet.  These  grave]  deposits,  continuous  as  one  expanse  of  modi- 
fled  drift  from  the  Jack  pine  barrens  of  northwestern  Wieconsis. 
bear  testimony  that  a  part  of  the  Booda  from  the  dissolving  ice  then 
passed  southward  along  the  present  St.  Craiz,  and  that  the  erosion 
of  the  valley  in  the  vicinity  of  the  Dalles  had  been  mainly  accom- 
plished previous  to  the  Wisconsin  stage.  We  are  led,  therefore, 
to  the  conclusion  that  much  channeling  of  the  valley  here,  entail- 
ing- it  along  all  its  course  from  the  Dalles  southward  to  the  Apple 
river,  and  eroding  the  drift  bluft,  an  escarpment  of  till,  which  rises 
steeply  on  the  west  side  of  the  valley  at  Taylor's  Falls  and  north- 
ward to  the  hight  of  200  to  220  feet  above  the  river,  took  place 
mostly  during  the  prolonged  Buchanan  interglaclal  stage.  It  was  a 
neariy  similar  history  with  that  of  the  Minnesota  river  during  the 
same  Buchanan  time  In  the  re-excavatlon  of  Its  valley,  which  had 
doubtless  become  chiefly  filled  with  drift  during  the  principal  Kan- 
ean  stage  of  glaclatlon. 

When  I  wrote  the  chapter  on  this  district  for  the  Final  R«port  , 
of  the  Minnesota  Geological  Survey  (volume  li,  1888,  pages  399-426, 
with  map  of  Chisago,  Isanti,  and  Anoka  counties),  I  believed  that 
the  preglaclal  and  postglacial  courses  of  the  St.  Croix  were  alike; 
but  I  now  attribute  the  establlsbment  of  this  great  river  course  and 
valley  at  the  Dalles,  and  for  many  miles  above  and  below,  to  the 

•  Oeology  of  Hlnnemta,  vol.  II,  ISSt.  pp.  4I4-4IS. 
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capriciouB  outlines  of  the  retreating  K^frout  In  Buchanan  time, 
probably  sending  a  considerable  stream  across  tlie  preglactal  water- 
shed and  along  this  course  at  Brat  because  tbe  Ice  Itself  was  a 
barrier  on  the  lower  country  westward.  The  erosion  by  this  stream 
had  cut  down  this  section  of  the  valley  and  the  two  gorges  of  the 
Upper  and  Lower  Dalles  so  far  before  that  lower  land  was  uncor- 
ered  from  tbe  lee  that  the  channel  so  begun  still  continued  as  the 
lowest  then  available  for  the  river,  and  the  erosion  apparently  ex- 
'  tended  aa  deep  as  to  tbe  present  river  level  before  the  renewal  of 
ice  accumulation. 

The  duration  of  the  Interglaclal  stage  attended  by  great  de- 
crease of  thlH  part  of  the  continental  ice-sheet  has  been  estimated 
by  Wtnchell,  from  hfa  Investigation  of  the  drift-fllled  goi^  of  the 
Ulssisslppl  west  of  Minneapolis,  to  have  measured  about  15,000 
years.*  Within  that  time,  preceded  and  followed  by  long  stafres  of 
glaclatlon  of  this  district,  the  drainage  from  an  embayment  of  the 
Ice  boundary,  at  the  junction  of  glacial  currents  flowing  In  Minne- 
sota from  the  northwest  and  In  WUconsln  from  the  northeast, 
passed  In  a  large  river,  the  Interglaclal  St.  Croix,  across  the  former 
watershed  where  we  now  have  the  gorges  of  the  Dalles. 

Separate  preglactal  streams  flowing  from  this  locality  south- 
ward and  northwestward  during  many  thousand  years  of  the  Ter- 
tiary era.  In  the  now  continuous  river  course,  had  doubtless  per- 
formed the  greater  part  of  the  valley  erosion  on  each  side  of  the 
old  watershed,  which  Itself,  we  may  also  believe,  was  deeply  In- 
dented here  by  a  col  of  the  trappean  rocks  In  which  the  Dalles  are 
channeled.  The  separate  valleys  leading  away  from  the  col,  as 
eroded  during  the  very  long  Tertiary  era,  may  have  attained  nearly 
the  same  size  which  they  now  have  as  parts  of  the  present  contin- 
uous valley,  varying  mainly  from  about  a  half  mile  to  one  mile  In 
width  and  from  75  feet  to  about  150  feet  In  depth  below  the  ad- 
joining rock  cllDs. 

In  the  Upper  Dalles,  at  and  Just  south  of  Taylor's  Falls,  extend- 
ing about  two-thirds  of  a  mile,  and  again  in  the  Lower  Dalles  situ- 
ated two  miles  farther  down  the  river  and  reaching  one-third  of  a 
mile.  Immediately  above  the  village  of  Franconla,  Minnesota,  the 
rock  cliffs  of  trap,  Keweenawan  diabase,  rise  almost  or  quite  per- 
pendicularly on  each  side  of  the  river,  inclosing  it  at  each  place  by 
a  very  picturesque  gorge.  The  vertically  Jointed  and  castellated 
walls  of  the  Upper  Dalles  form  a  gorge  from  200  feet  to  about  BOO 
feet  wide,  which  turns  at  a  sharp  angle  In  Its  central  part  from  a 
course  nearly  due  south  to  another  bearing  west-southwest.  The 
course  of  the  Lower  Dalles,  about  600  feet  wide.  Is  also  westsouth* 
west,  this  direction  being  In  each  case  determined  by  a  principal 
system  of  parallel  and  nearly  vertical  Joint  planes. 

•  Paper  before  cited  In  the  Ahbb^ah  OioLoaiir.  <vol.  x),  esti- 
mating the  InterglHcial  Btage  aa  S.TGO  years:  which  Is  corrected  to  about 
16.000  years  In  the  snme  volume,  p.  SIS.  Nov..   1992. 
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Between  tbeae  diabase  gorges  the  Tallejr  widens  to  about  a  mite. 
Its  western  rock  wall  being  an  escarpment  of  almost  horliontally 
bedded  Cambrian  sandstone  and  sbales,  easily  eroded,  wMle  on  the 
east  It  Is  Inclosed  b;  Irregular  slopes  of  the  igneous  Keweenawam 
rocks.  Continuing  south  from  the  Lower  Dalles,  the  valler,  a  halt 
mile  to  one  mile  wide,  la  inclosed  by  escarpments  of  the  horlaontal 
Cambrian  sandstone  capped  by  dolomitic  Umestone,  with  orrerlrinK 
glacial  drift.  Returning  and  going  up  the  river  from  St.  Crotc  Falls, 
we  find  Its  Talley  there  inclosed  chiefly  hr  eroded  drift  bluffs. 

Berkey  and  R.  T.  Chamberlin  regard  the  very  remark- 
able potholes  or  giants'  kettles  of  the  trap  rocks  at  the  Up- 
per Dalles  as  due  to  the  ordinary  river  action  while  cutting 
down  this  rock  barrier  during  Postglacial  time.  Instead, 
as  shown  in  the  second  of  my  papers  cited  in  the  Bulletin 
of  the  Geological  Society,  these  potholes  seem  to  me  due 
to  torrents  plunging  through  moulins  of  the  ice-sheet,  prob- 
ably at  a  time  of  stagnation  of  the  glacial  currents  when 
the  ice  here  was  finally  meltng  away. 

Nearly  coincident  with  the  course  of  the  St.  Croix 
river  through  this  Interstate  Park  was  the  junction  of  the 
diverse  icefields,  that  on  the  east  bringing  the  red  drift 
from  the  region  of  lake  Superior,  while  that  on  the  west 
brought  gray  drift  from  the  Red  river  valley  and  Manitoba. 
Though  the  parts  of  both  icefields  in  the  vicinity  of  the 
Dalles  were  moving  easterly,  their  currents  being  turned 
toward  the  ice  boundary  and  its  concentrically  curved 
Tnoraine  belts,  we  cannot  doubt  that  some  difference  of 
slope  of  the  ice  surface  was  distinguishable  on  the  east  and 
■west  sides  of  this  line  of  junction,  when  they  both  were 
being  fed  by  snowfall  and  by  inflow  of  glacial  currents. 
But  when  the  final  melting  had  reduced  the  ice  here  to  a 
thickness  of  only  a  few  hundred  feet,  or  at  last  no  more 
than  a  few  scores  of  feet,  with  its  former  motion  at  a  stand- 
-still,  or  nearly  so,  we  may  readily  see  that  the  waters  of  the 
surface  melting  might  run  toward  this  line  of  confluence 
of  the  diverse  Lake  Superior  and  Keewatin  icefields;  that 
waterfalls  would  pour  through  crevasses  and  the  vertical 
tunnels  called  moulins ;  and  that  such  torrents  could  erode 
deep  potholes,  as  here,  with  little  general  water-wearing 
of  the  contiguous  rock  surfaces. 

These  giants'  kettles,  numbering  about  a  hundred,  the 
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largest  about  25  feet  in  diameter,  and  the  deepest  exceed- 
ing 80  feet  in  depth,  occur  most  abundantly  near  the  steam- 
boat landing  of  Taylor's  Falls,  at  the  central  part  of  the 
Upper  Dalles,  and  within  a  distance  of  fifty  rods  north- 
ward. They  are  unsurpassed  by  any  other  known  locality, 
not  even  excepting  the  Glacier  Garden  of  Lucerne,  in  re- 
spect to  their  variety  of  forms  and  grouping,  their  great 
number,  the  extraordinary  irregularity  of  contour  of  the 
much  jointed  diabase  in  which  they  are  eroded,  and  the 
difficulty  of  explanation  of  the  conditions  of  their  origin. 

If  it  be  desirable  to  suggest  a  probable  measure  in 
years  for  the  ages  of  the  gorge  and  the  giants'  kettles  at 
the  St.  Croix  Dalles,  I  would  venture  to  estimate  the  whole 
duration  of  the  Ice  age  as  about  100,000  years,  of  which 
about  half,  or  50,000,  years,  would  probably  belong  to  the 
early  or  Kansan  glaciation;  about  15,000  years,  according 
to  Winchell,  would  measure  the  Buchanan  interglacial 
■  stage  in  Minnesota;  perhaps  30,000  years  may  be  allotted 
to  the  later  lUinoian  and  lowan  glaciation;  and  the  de- 
parture of  the  ice-sheet,  in  its  moraine-forming  Wisconsin 
stage,  occupied  probably  about  5,000  years.  Under  these 
estimates,  the  rock  gorge  here  would  be  about  40,000 
years  old,  its  last  5,000  years  being  approximately  the  time 
since  the  latest  parts  of  our  continental  ice-sheet  were 
melted  away.  For  the  giants'  kettles,  about  7,000  or  8,000 
years,  as  I  think,  may  be  assigned  as  their  age,  being  nearly 
the'same  as  that  of  the  beginning  of  erosion  of  the  gorge 
of  the  Mississippi  river  between  Fort  Snelling  and  Minne- 
apolis. 
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THE  PEGMATYTE    VEINS  OF    PALA,  SAN    DIEQO  COUNTV.* 

By  O.  A.  Wimna,  SUnlonl  UQlTcraltr.  Cftlirorola. 

P7-ATE8  XXII-XXVI. 

Concerning  the  region  with  which    this    paper    deals, 

Fairbankst  has  said :     "The  structure  of  San  Diego  county 

is  comparatively  simple.     Three  main  divisions  might  be 

made:  the  desert  region  on  the  east,  the  Peninsular  range 

of  crystalline  rocks  in  the  middle,  and  the  nearly  level  mesa 

on  the  west.     The  higher  mountains  are  formed  wholly  of 

ancient  crystalline  schists  and  massive  rocks." 
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It  is  with  this  middle  divison,  or  rather  the  part  of  it 
lying  between  Temecula  canyon  and  the  Palomares  moun- 
tains, that  we  have  to  deal.  The  Palomares  mountains  are 
composed  of  mica  schists  but  the  lower  lying  hills  and 
mountains  of  the  region  are  of  granite  and  dioryte,  and 
according  to  the- writer's  observation  the  structure  is  that 
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of  intrusive  dioryte  dykes  and  later  granite  intrusions 
within  the  main  granite  mass.  These  dykes  in  the  western 
part  of  the  area  in  question  have  a  rather  constant  N.  E. — 
S.  W.  strike.  They  are  of  considerable  extent,  the  one  em- 
bracing Red  mountain,  near  Fallbrook,  being  fully  a  mile 
wide,  while  the  smallest  one  traced  was  about  two  hundred 
yards  wide. 

Toward  Pala  the  general  strike  of  the  dykes  swings  to 
the  N.  W.-S.  E.  The  contact  lines  are  usually  well  marked 
by  a  change  in  the  character  of  soil  and  vegetation,  and  by 
intrusive  lenses  of  the  dioryte  in  the  granite  at  the  contact. 
The  normal  dioryte  is  composed  of  green  hornblende  and 
plagioclase,  in  a  few  places  also  carrying  hypersthene.  At 
Pala  the  rock  is  more  basic,  becoming  a  hypersthene  gabbro 
or  noryte.  Smaller  dykes  occur  in  the  granite,  but  these 
are  of  a  granulitic  structure.  Three  types  have  been  ob- 
served ;  green  hornblende  granulyte,  garnet  granulyte,  and 
biotite  granulyte. 

The  granite  also  varies  in  texture.  Two  kinds  occur, 
one  locally  called  "blue  granite,"  in  which  the  hornblende 
is  altering  to  chlorite  and  the  oligoclase  shows  marked 
zonal  structure;  and  a  lighter  variety,  containing  little  horn- 
blende. West  of  Fallbrook  the  darker  variety  appears  as 
intrusive  more  resisting  areas  in  the  lighter.  To  the  east 
the  Vallecitos  valley  is  a  region  of  light  colored  granite, 
var^'ing  from  a  rock  almost  without  hornblende  to  areas 
containing  large  patches  of  this  mineral.  The  origin  of  the 
valley  is  thought  to  be  due  to  the  differential  weathering  of 
this  granite.  Veins  of  feldspar  cut  the  granite  in  all 
directions. 

The  varying  texture  of  the  country  rock  is  well  shown 
by  the  section  as  described  by  Fairbanks,*  exposed  in 
Teraecula  canyon.  "A  wholly  different  series  of  rocks  is 
exposed  in  Temecula  canyon  not  more  than  two  miles  north 
of  the  cotmtry  just  described,  [Vallecitos].  This  canyon 
is  deep  and  rocky,  taking  a  very  direct  course  from  Teme- 
cula to  the  ocean.  At  the  upper  entrance  there  is  a  nar- 
row exposure  of  granite.     This  is  followed  by  quartzyte 

■   EUilHlk  Annuai  Rtpart  af  Califmia  Siatt  Miiuralti^l.     p.    101. 
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dipping  45°  southwest.  The  rocks  shortly  become  massive 
and  are  replaced  by  dark  syenitic  ones  with  an  excess  of 
hornblende.  Two  miles  down,  granite  appears  for  a  short 
distance,  and  in  it  a  quarry  has  been  opened.  Gneissoid 
rocks  soon  replace  the  granite  and  these  are  followed  by 
hornblendic  rocks  which  vary  from  a  schistose  to  a  massive 
structure.  In  places  they  contain  feldspars  and  pass  into 
syenytes ;  in  others  the  rock  is  almost  pure  hornblende. 
The  syenytes  are  followed  by  mica  schists  and  these  by 
coarse  biotite  granite  about  five  miles  above  Howe  [Fall- 
brook]  station.  In  the  granite  are  many  pegmatitic  vein^, 
carrying  biotite,  garnets,  and  tourmaline.  Fine-grained 
granite,  varying  at  times  to  syenyte,  forms  the  rock  along- 
the  canyon  for  many  miles  below  this  point."  " 

Topography.  The  Fallbrook  region  is  a- rolling  plateau 
of  from  six  hundred  to  eight  hundred  feet  elevation.  From 
Oceanside  to  within  five  miles  of  Pala,  the  San  Luis  Rey 
liver  lies  in  a  broad  sandy  valley.  The  mountains  then 
close  in  for  about  two  miles,  making  a  narrow  canyon,  but 
at  Pala  the  river  valley  opens  out  into  a  flat  alluvial  plair. 
from  one  to  two  miles  wide,  extending  south-eastward  to- 
the  foothills  at  Rincon.  Loose  boulders  and  gfravel  strew 
the  floor  of  this  plain  and  of  the  small  side  valleys.  The 
river  keeps  close  to  the  south  side  of  the  valley  and  a  few 
miles  above  Pala  has  cut  a  channel  in  this  wash  formation 
nearly  one  hundred  feet  below  the  floor  of  the  plain. 

Veins  and  Dykes.  The  large  intrusive  dioryte  areas 
are  cut  by  veins  composed  chiefly  of  feldspar,  biotite  and 
black  tourmaline.  Many  small  veins  also  cut  the  granite 
area,  but  these  contain  only  feldspar  and  biotite,  without 
tourmaline. 

Two  regions  of  apparently  intrusive  granite  have  been 
observed,  the  beryl  region  of  Rincon,  which  will  be  de- 
scribed later,  and  a  small  area  four  miles  soueheast  of  Fall- 
brook.  At  the  latter  place  two  prospect  shafts  have  been 
sunk,  one  of  six  feet,  the  other  of  twenty-six  feet  in  depth, 
on  a  pegmatyte  vein  in  search  for  gems.  This  vein  is 
about  twenty  inches  wide,  striking  N.-S.  and  dipping  80° 
to  the  east.  The  vein  is  well  defined  from  the  decomposed 
country  rock.    It  does  not  outcrop,  but  Js  marked  by  a  local 
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more  resisting  character  of  the  granite  on  the  east  wall, 
making  a  distinct  ridge  about  ten  inches  high  and  two  feet 
wide.  A  slight  pegmatitic  structure  is  shown  in  the  west 
side  of  the  vein.  The  whole  width  consists  of  quartz,  feld- 
spar, and  muscovite.  A  little  fibrolite  is  developed  near  the 
center  of  the  vein, — a  mineral  not  known  to  occur  in  any 
other  vein  of  the  region.  A  few  pockets  have  been  found 
here,  and  some  fine  specimens  of  quartz  enclosing  black 
tourmalines  taken  out,  but  no  gems. 

About  two  miles  southwest  of  Fallbrook  station,  in 
Temecula  canyon  there  is  a  dyke  of  hypersthene  dioryte 
and  in  it  a  pegmatitic  vein  several  feet  wide.  This  shows 
a  graphic  structure  on  the  hanging-wall  side  and  a  banded 
garnet  quart  zyte  on  the  foot  wall  side.  Muscovite  and 
black  tourmaline  are  developed  to  considerable  extent  but 
otherwise  the  vein  is  not  mineralized. 

Structure  oj  the  Pegmatyte  Veins.  This  pegmatic  struc- 
ture is  best  developed  in  an  area  about  one  and  a  half 
miles  wide  and  four  miles  long,  lying  northeast  of  Pala,  as 
shown  in  fig.  2.     This  consists  of  a  noryte  boss  within  the 
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granite.  The  contact  with'  the  granite  is  well  marked  on 
the  east,  north,  and  west;  on  the  south  it  is  covered  by 
the  loose  gravels  of  the  valley.  A  number  of  pegmatyte 
veins  cut  through  the  noryte,  dipping  rather  uniformly  S. 
45''~5o°  W.  at  an  average  angle  of  about  30°  with  the  hori- 
zontal. These  veins  have  a  very  uniform  structure,  like 
that  shown  in  fig.  3,    There  is  a  distinct  contact  between 


J.  Norite  .' 

the  noryte  {5)  and  upper  portion  of  the  vein.  This  upper 
portion  (ij  consists  of  a  coarsely  crystalline  pegmatyte  rich 
in  mica  and  black  tourmaline.  This,  grades  into  a  fine 
grained  graphic  granite  (2)  in  which  is  often  a  little  mica. 
Plate  xxii,  fig.  i,  is  of  a  hand  specimen  of  this  rock.  The 
graphic  granite  grades  downward  into  the  "pay-streak"  (3) 
in  which  the  rarer  minerals  are  found.  Fig.  2,  plate  xxii. 
•shows  a  piece  of  this  part  of  the  vein,  containing  lepidolite, 
albite  and  muscovite.  Pockets  occur  in  this  layer,  lined 
with  crystallized  quartz  and  feldspars  and  containing  crys- 
tals of  tourmaline,  kunzite  and  orthoclase,  usually  embed- 
ded in  a  clayey  matrix.  Between  the  paystreak  and  lower 
portion  (4)  of  the  vein  the  contact  is  sharp.  This  lower 
part  consists  of  a  banded  garnet  quartzyte,  making  a  dis- 
tinct contact  with  the  noryte.  A  peculiarity  of  this  is  that 
it  always  composes  one-half  the  thickness  of  the  vein  and 
that  the  minute  garnets  have  a  banded  arrangement,  often 
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much  crumpled.     Plate  xxiii,  fig.  1,  is  of  a  hand  specimen  of 
this  rock. 

yeiits  of  ike  Pala  Region.  By  far  th«  largest  and  most 
distinctive  vein  is  near  the  western  side  of  the  noryte  boas. 
The  outcrop  is  on  the  east  slope  of  the  hill  and  is  plainly 
traceable  for  over  half  a  mile.  The  northern  portion  con- 
sists mainly  of  pegmatyte,  with  no  tourmaline  or  lepidolite. 
About  the  middle  of  its  exposed  length,  black  tourma- 
lines appear  in  a  coarse  quartz -feldspar-mica  matrix.  Often 
these  tourmaline  crystals,  several  inches  in  length,  are 
broken  into  many  pieces  and  displaced  slightly.  Lepidolite 
begins  to  show  here  in  small  veins,  and  farther  south  at  the 
lithia  mine,  it  develops  into  a  large  mass — 60  feet  thrdugh 
in  the  thickest  place.  This  mass  consists  of  small  particles 
of  lithia  mica  and  feldspar.  Near  the  southern  end  of  this 
are  found  the  beautiful  specimens  containing  radiating 
bunches  of  rubellite,  a  specimen  of  which  is  shown  in  plate  . 
xxiv.  Still  farther  toward  the  southern  end  of  the  outcrop 
only  black  tourmaline  occurs. 

Two  smaller  veins  outcrop  on  this  hill,  farther  virest, 
and  exposed  higher  up.  On  them  are  located  the  Tourma- 
line King  and  Tourmaline  Queen  mines,  from  which  some 
gem  tourmalines  have  been  taken.  The  next  vein  of  note 
east  of  the  big  lithia  deposit  is  that  of  the  Pala  Chief  kun- 
zite  mine.  The  vein  has  the  same  structure  as  the  others; 
pockets  seem  more  plentiful,  however,  and  in  .them  are 
found  quartz  crystals  of  large  size.  The  eastern  part  of 
this  noryte  area  contains  many  veins,  often  only  a  few  feet 
apart.  Some  difference  in  the  occurrence  of  the  rarer  min- 
erals is  noted  in  the  veins  though  no  strict  rule  is  followed. 
In  a  general  way,  however,  in  the  westernmost  veins 
lepidolite  is  more  plentiful,  tourmaline  in  the  more  central, 
and  kunzite  in  those  to  the  east. 

Character  of  the  Intrusive  Socks  The  gabbro  of  this 
area  varies  in  texture  from  a  fine-grained  hypersthene  rock 
to  one  containing;  large  feldspars  with'  only  green  horn- 
blende. Near  the  eastern  end  of  the  noryte  is  a  small  area, 
only  a  hundred  yards  in  extent,  over  which  the  surface  is 
strewn  with  rounded  pebbles  from  one  to  three  inches  in 
diameter.       These    "orbicules"    have    resulted    from    the 
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weathering  of  an  orbicular  gabbro,  resembling  that  of 
Dehesa,  California,  described  by  Lawson*  and  by  Kessler 
and  Hamilton.t  A  few  hundred  yards  to  the  west  the 
orbicular  rock  gives  place  to  a  very  coarse-grained  gabbro, 
which  grades  into  the  noryte. 

Minerals  Octurring  in  the  Pockets.  The  "hlinerals  oc-» 
curring  in  the  pockets  of  the  veins  are ;  quartz,  crystallized 
out  on  the  sides,  both  of  the  clear  and  smoky  varieties. 
These  crystals  are  notable  for  the  rather  common  develop- 
ment of  rare  crystal  faces.  Hyalite  and  rose  quartz  are 
also  sometimes  found.  Albite  occurs  with  quartz,  lininff 
the  pockets,  and  has  a  tabular  habit  of  crystallization.  Orth- 
oclase  is  usually  found  in  pockets  as  individual  crystals 
in  the  clay  and  is  of  the  aventurine  variety.  It  consists  of 
microcline  and  albite  in  alternate  bands.  Muscovite,  usually 
of  a  greenish  tint,  is  found  in  plates  of  considerable  size 
.within  the  pockets,  as  scales  or  flakes  making  up  a  consid- 
erable part  of  the  clay,  and  as  minute  scales  included  in 
other  minerals.  Lepidolite  when  found  in  pockets  is  usu- 
ally near  the  central  part,  and  embedded  in  it  are  often 
found  gem  tourmalines  and  kunzite.  This  latter  is  often  in 
fresh  fragments  and  splinters,  and  also  in  fragments  show- 
ing corrosion  or  decomposition. 

Crystals  tend  to  grow  to  large  size  in  these  pockets. 
Although  any  one  mineral  may  occur  to  the  exclusion  of 
the  others,  when  several  are  found  together,  the  orthoclase 
and  kunzite  are  near  the  center,  while  the  albite  and  lepi- 
dolite are  near  the  walls.  It  is  rare  that  kunzite  and  tour- 
maline occur  in  the  same  pocket.  Even  when  in  the  same 
ledge,  -they  are  some  distance  apart. 

Vein  Minerah.  Quartz,  albite,  muscovite  and  black 
.  tourmaline  make  up  a  good  part  of  the  paystreak.  The 
mica  often  shows  a  crossing  of  plates  as  if  of  twinning  but 
this  is  not  shown  by  the  optical  figure.  It  is  probably  due 
to  crushing  or  sliding  action.  The  black  tourmalines  are 
also  often  intergrown  and  distorted,  besides  being .  broken. 
Lepidolite,  varying  in  quality  from  the  nearly  pure  lilac- 

•  Btdl.  Dtpl.  GhI.  U.  Cai.  ml.  iii  /ft.  17.  Afar.  }804  "nte  Orbicular 
Oabbro   at  Eiehesa,  San     EHegro,   Co.,  Cal..  by  A.  C.  Ltwamr, 

t  The  Orbicular  Oabbro  of  Dehesa,  Cal.,  by  H.  B,  KiMLaa  uid  W.  K. 
HAMILTON.      The  AaiBiciN  QioMMiti,      Sept.,  19H, 
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colored  lithia  mica  to  that  containing  much  feidspar,  and 
amblygonite  occur  in  masses  of  several  tons  weight.  The 
amblygonite  is  found  as  a  rule  below  the  lithia  deposits. 
Triplite  is  found  in  masses  of  several  pounds  weight,  alman- 
dine  and  vermiculite  occur  to  some  extent,  and  about  five 
pounds  of  sulphide  of  bismuth  have  been  found  in  one  place 
in  amblygonite.  This  is  the  only  metallic  mineral  so  far 
known  in  this  locality. 

C/ays  in  tie  Veins.  At  least  three  kinds  of  clay  from 
the  kunzite  bearing  pockets  are  recognized,  known  locally 
as  kunzite  clay,  kunzite  and  tourmaline  clay,  and  lithia  clay. 
A  physical  analysis  of  these  has  been  made,  by  specific 
gravity  methods. 

Below  is  the  average  mineral  composition  of  them : 
Kunzite  Kunzite    Lltbla  Kunilte  and 

Clar  Clay       Clay  Toarmaline 

No.  1.  No.  2.  Clay. 

Quartz    40.%  36.%      36.%  24. E% 

Albite 
Feldspar      and      43.  60.  50.  6S.2 

OrthocIaBe 

Muscovite    6.  10.  10.  1.8 

Sifodumene 10. »  1.3 

LepidoUte 2.5  3. 

Halloyalte 12.3 

(Pink 
Tourmaline 1  (Blk).  .2        '1.  (Green)  .2    and 

100.0  100.0        100.0  100.00 

These  analyses  show  that  the  amount  of  feldspar  and 
quartz  is  about  the  same  in  all — 83%  to  86% — while  the 
percentages  of  muscovite  and  rarer  minerals  vary  consid- 
erably. 

The  halloysite  is  a  pink  clay  apparently  derived  from 
rubellite,  for  all  gradations  from  unaltered  tourmaline  to 
the  chalky  clay  can  be  found.  An  analysis  of  it  as  given 
by  W.  T.  Schaller*  is  as  follows: 

•  Amtrieim    Jnanal   of  Sdtna,    Mar.    1904.  Notes  on  BOme  Califor. 

Cornia   Minerals.      By   Waldsmab  T.  Sceaixib 
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SiO*  LiO'  .28 

Al'C  3E.B5  Na'O  .19 

Fe'C  .21  K'O  .03 

MnO  .26  ITO    (107°)  6.63 

CaO  1.02  H"0    (aboTe  107°)    12.25 

MgO  -                   .18  TtO"  none 

100. 18_ 

This  analysis  agrees  dosely  with  the  formula  H'Al'Si" 
0*+H'0.  It  will  be  noticed  that  no  boron  was  found 
in  this  clay. 

A  small  amount  of  a  white  finely  granulated  mineral 
has  also  been  found  in  the  pockets.  The  microscope 
shows  it  to  be  composed  almost  wholly  of  fresh  angular 
fragments  of  feldspar,  which  contains  manganese. 

Tie  Rincon  District.  Eastward  toward  Rincon  the 
vein  structure  again  becomes  evident  on  the  north  side  of 
the  valley,  and  at  the  base  of  the  Palomares  mountains 
above  Rincon  another  mineralized  area  occurs.  But  here 
the  country  rock  is  mainly  a  decomposed  granite,  with  the 
veins  standing  out  prominently.  These  have  the  usual 
structure  but  the  association  of  minerals  is  somewhat  dif- 
ferent. Crystals  of  quartz,  orthoclase  and  beryl  are  the 
pocket  contents.  Black  tourmaline,  patches  of  massive 
almandin^  and  large  beryls  are  common  in  the  hard  peg- 
matitic  material.  Greenish  muscovJte  is  also  very  notice- 
able in  patches  several  inches  in  extent.  The  pegmatyte 
in  some  places  has  a  very  coarse  structure  in  which  the 
ndividuaj  quartz  and  orthoclase  crystals  are  several  inches 
in  extent,  as  shown  in  plate  xxv. 

Only  two  veins  have' been  prospected  enough  to  show 
the  occurrence  of  minerals.  From  the  lower  of  these,  over 
$2,000  worth  of  gem  beryls  have  been  taken  with  the  re- 
moval of  hardly  a  hundred  cubic  yards  of  material.  The 
beryls  occur  in  clay  in  pockets  usually  not  over  eight  inches 
in  diameter,  in  the  central  portion  of  the  ledge.  In  the 
upper  vein  are  found  many  pockets  filled  with  a  red  clay 
composed  of  mica  and  iron-stained  kaolin.  Many  small 
beryls  occur  in  this,  but  are  uniformly  of  a  milky  hue. 
Smoky  quartz,  often  intergrown  with  mica  (plate  xxiii,  fig. 
2),  and  orthoclase  crystals  (plate  xxvi,  fig  i).  several  inches 
in  diameter  are  found  in  the  larger  pockets.     The  latter  are 
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of  the  aventurine  variety,  and  the  surface  is  often  corroded 
into  a  series  of  sharp  ridges  by  the  removal  of  microcline 
and  greater  resistance  of  the  albite  to  alkaline  waters,  as 
shown  in  the  twin  crystal  illustrated.  Iron  oxide  also 
seems  to  be  deposited  by  these  waters,  in  the  interstices  of 
the  crystals,  staining  them  red.  Many  of  the  beryls  are 
also  corroded  or  partly  dissolved,  as  shown  in  plate  xxvi, 
fig.  2. 

Neither  kunzite,  lepidolite  nor  amblygonite  has  yet 
been  found  in  this  region.     Albite  also  is  rather  uncommon. 

Spring  Waters  The  waters  of  three  springs — one 
from  Rtncon  and  two  from  near  Pala — have  been  tested 
spectroscopically  for  lithia  but  show  no  trace.  They  are 
all  three  alike  in  containing  only  about  eighteen  grains  of 
solid  matter  to  the  U.  S.  gallon.'  This  consists  mostly  of 
th%  chlorides  and  carbonates  of  potassium,  sodium  and  cal- 
cium. 

Origin  of  tht  Veins,  All  the  observed  facts  point  to 
the  hydrothermal  origin  of  these  veins.  As  Lehmann*  ex- 
presses it;  "as  a  result  of  crystallization  of  a  parent  mass 
and  the  concentration  of  water  in  the  residual  uncrystallized 
part,  a  gelatinous  magma  rich  in  silica  is  formed.  Between 
such  a  gelatinous  magma  and  a  saturated  aqueous  solution 
a  large  number  of  consecutive  intermediate  stages  can  be 
imagined."  Such  a  cooling  and  crystallizing  magma  would 
fulfill  all  the  conditions  demanded  by  the  structure  of  the 
veins  of  this  region.  The  three  phases  of  pegmatization 
as  given  by  Van  Hiset  seem  exhibited. in  these  dykes. 

The  graphic  granite  without  doubt  represents  crystal- 
lization from  a  solution  mainly  aqueous,  the  central  miner- 
alized portion  hydro-thermal  action,  while  the  lower  garnet 
quartzyte  crystallized  from  a  more  gelatinous  magma. 

Thin  sections  of  the  graphic  granite  cut  perpendicular 
to  the  long  axes  of  the  crystals  show  the  quartz  all  to  be 
oriented  the  same  way.  Sections  of  the  garnet  rock  show 
the  minute  garnets  to  be  perfectly  formed.    The  follow- 

>  Hdnograph     xlvll     U.     S.     Oeol.  Survey.    Van  Biai     A  Ireatisi  an  Mtt 
amorpiiim.     p.   721. 

Oeol.  Survey.     Viir  Hiii.    A  tnatise  m  Mtl- 
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ing  points  advanced  by  W,  O.  Crosby  and  M.  L.  Fuller*  in 
support  of  the  aqueo-igneous  theory  are  all  borne  out  by  the 
character  of  the  veins  in  question.  They  are:  the  occur- 
rence of  rare  minerals ;  the  formation  of  large  crystals ;  the 
banding  and  comb  structure  of  tourmalines,  etc.  normal  to 
the  walls;  water  inclusions  in  the  quartz;  and  the  occur- 
rence of  pockets  and  druses.  There  is  always  one  normal 
plutonic  rock  in  every  pegmatyte  region,  of  sin;iilar  but  less 
acid  character,  from  which  the  pegmatyte  is  evidently  de- 
rived. The  normal  country  granite  apparently  occupies 
this  position  here. 

In  summary  Van  Hise  says:  "Pegmatization  when  it 
occurs  on  a  great  scale  usually  is  found  in  connection  with 
great  intrusive  masses  in  which  there  have  been  long-con- 
tinued composite  intrusions.  No  great  batholith  ts  the  re-  ' 
suit  of  a  single  simple  intrusion.  The  introduction  of  such 
masses  went  on  irregularly  through  a  very  long  time.  Peg- 
matyte masses  are  not  the  result  of  a  distinct  epoch  of 
eruption,  but  usually  are  produced  in  connection  with  the 
closing,  phases  of  igneous  activity,  *  *  ♦  As  the  peg- 
matytes  close  to  the  central  mass  solidify,  a  large  portion 
of  the  water  is  expelled  and  travels  outward  to  help  form 
the  pegmatyte  rock  having  a  more  distinctive  vein  char- 
acter." 

As  before  stated,  the  banded  quartzyte  very  constantly 
forms  the  lower  half  of  the  Pala  and  Rincon  pegmatitic 
veins.  In  explanation  to  this  it  is  now  suggested  that  this 
material  first  occupied  the  fractures  in  the  cooling  noryte 
boss  as  a  hydrous  magma,  and  that  on  crystallizing  it  con- 
tracted to  approximately  half  its  former  volume.  Toward 
the'  later  stage  of  crystallization  garnets  developed,  aided 
by  contact  action  of  the  noryte,  but  were  unable  to  reach 
any  considerable  size.  Later  a  more  aqueous  magma  was 
forced  up  through  the  reopened  crevices  and  formed  the 
upper  portion  of  the  veins.  The  pockets  seem  to  be  of 
later  origin.  The  crystallization  in  them  of  the  residual 
rare  elements  as  complex  silicates  and  the  occurrence  of 
large  quartz  and  orthoclase  crystals  supports  this  theory. 
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None  of  the  minerals  of  the  rare  elements,  tourmaline, 
spodumene,  beryl  or  lepidolite,  occur  outside  of  the  pegma- 
titic  formation. 

None  of  the  common  rock-forming  minerals  could  take 
up  these  rare  elements,  and  an  igneous  magma  is  not  con- 
ducive to  their  crystallization  as  complex  silicates;  hence 
they  remained  uncombined  until  forced  out  with  the  erup- 
tion of  the  pegmatyte.  In  this  hydrous  magma  conditions 
were  favorable,  so  they  crystallized  out  as  the  rarer  sili- 
cates. The  plentiful  occurrence  of  tourmaline  indicates 
fumarole  action  also  to  have  been  a  prominent  factor  in  this 
period. 

Types  of  Veins.  The  different  types  of  veins  observed 
may  now  be  summed  up  into  six  classes. 

1.  Veins  in  the  normal  granite,  containing  only  ortho- 
clase  and  biotite. 

2.  Veins  in  the  normal  dioryte,  containing  quartz, 
feldspar,  biotite  and  black  tourmaline. 

3.  The  pegmatitic  vein  in  intrusive  (?)  granite,  (east 
of  Fallbrook),  containing  quartz,  feldspar,  mica,  black  tour- 
maline, fibrolite,  and  quartz  crystals  enclosing  black  tour- 
malines. 

4.  The  pegmatitic  vein  in  hypersthene  dioryte  (in 
Temecula  canyon)  showing  graphic  granite  and  banded 
quartz)rte  structure,  but  not  mineralized. 

5.  Pegmatyte  veins  of  Pala  in  noryte,  highly  miner- 
alized, containing  lepidolite,  amblygonite,  spodumene,  tour- 
maline, quartz  and  feldspars. 

6.  Pegmatyte  veins  of  Rincon  in  intrusive  ( ?)  granite, 
also  mineralized  but  with  a  different  association  of  miner- 
als— quartz,  orthoclase,  muscovite  and  beryl. 

From  the  previous  discussion  it  is  seen  that  the  mos^ 
highly  mineralized  veins  are  in  an  area  of  noryte — a  basic 
hypersthene  rock.  The  more  acid  hypersthene-bearing 
dykes  show  the  pegmatitic  structure,  but  are  not  mineral- 
ized, while  in  normal  dioryte  and  granite,  no  pegmatitic 
structure  was  observed. 

The  present  surface  near  Pala  probably  represents  the 
original  zone  of  anamorphism  at  the  time  of  intrusion,  while 
the  more  acid  diorytes  of  Fallbrook  may  represent  an  or- 
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iginat  zone  nearer  the  former  surface.  In  support  of  this 
theory  are  advanced:  (i)  the  evidences  of  great  erosion 
shown  in  and  'about  the  Pala  valley,  (2)  the  more  basic 
nature  of  the  rocks,  according  with  deeper  seated  condi- 
tions, (3)  the  occurrence  of  the  heavy  minerals — garnet  and 
triplite — and  especially  of  the  suphide  of  bismuth,  (4)  the 
shape  of  the  noryte  area,  more  resembling  a  neck  or  boss 
than  a  dyke.  The  occurrence  of  epidote  and  fibrolite — sec- 
ondary minerals  typical  of  the  zone  of  katamorphism — in 
the  Fallbrook,  hut  not  in  the  Pala  region,  is  another  point 
in  support  of  this  theory.  Of  the  two  hornblende  granu- 
lytes  studied,  occurring  as  small  dykes  in  the  country  rock, 
that  from  Pala  shows  more  tendency  toward  recrystalliza- 
tion  of  the  minerals,  than  does  the  Fallbrook  rock,  also  in- 
dicating a  greater  depth  of  formation  for  the  former.  The 
general  occurrence  of  potash  feldspar  in  the  tricUnic  form, 
microcline,  may  be  taken  partly  as  an  evidence  of  pressure 
due  to  depth,  though  it  is  the  usual  variety  occurring  in 
pegmatytes.  Several  minerals  show  the  effects  of  crushing 
and  slight  displacement,  as  black  tourmalines  and  crossed 
plates  of  mica.  The  fresh  granulated  feldspar  also  shows 
the  results  of  crushing.  Evidently  considerable  orographic 
movement  has  caused  this. 

Alteralions  of  the  Minerais.  Since  the  time  when  ero- 
sion brought  the  present  accessible  part  of  the  veins  above 
the  zone  of  anamorphism  considerable  alteration  of  the  min- 
erals has  taken  place.  The  spodumene  is  often  fractured 
and  pitted  and  contains  patches  of  kaolin-like  material. 
The  alteration  to  beta-spodumene  and  finally  to  muscovite 
and  albite  as  in  the  Branchville,  Conn,  variety  is  not  shown 
in  thin  sections  of  the  Pala  mineral.  The  decomposition  of 
rubellite  to  halloysite  has  been  mentioned.  Vermiculite 
occurs  to  some  extent  as  an  alteration  of  the  mica,  especi- 
ally at  Rincon.  The  alteration  of  microcline  and  albite  to 
kaolinite  and  muscovite  with  the  liberation  of  silica  and  the 
alkaline  carbonates  seem  to  take  place  to  considerable  ex- 
tent, and  is  thought  to  be  the  origin  of  the  clay  of  the 
pockets.  These  reactions  take  place  with  a  decrease  in 
volume  of  from  5';^  to  16%,  assuming  the  silica  to  crystal- 
lize as  quartz  and  the  carbonates  to  be  carried  off  in  solu- 
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tlon, — facts  according  with  the  conditions  revealed  in  new- 
ly opened  pockets.  Perhaps  the  best  example  of  alteration 
is  presented  in  the  pockets  at  Rincon,  Here  corroded 
crystals  of  orthoclase  (plate  xxvi,  fig.  i)  and  corroded  beryls 
(plate  xxvi.  fig.  2)  occur  together  in  a  matrix  of  stic'ky  red 
clay  composed  for  the  most  part  of  iron-stained  mica  and 
kaolin.  It  seems  clear  that  the  microcline  has  first  yielded 
to  the  meteoric  waters  and  been  reduced  to  kaolin  and  mica. 
The  waters,  made  more  alkaline  by  the  liberated  potash^ 
have  then  attacked  the  beryls  and  partly  dissolved  them. 
Muscovite  often  occurs  as  fine  flakes  on  the  larger  beryls, 
seemingly  as  a  product  of  alteration.  The  very  interesting 
series  of  reactions  that  have  taken  place  here  well  deserve 
further  study.  The  relation  of  the  amblygonite  to  lepido- 
lite,  the  decomposition  of  spodumene  and  the  reactions  be- 
tween the  feldspars  and  beryl  especially  present  reactions 
worthy  of  examination.  Some  attempt  has  been  made  to 
trace  the  rare  elements  when  alteration  takes  place,  but 
no  secondary  minerals  of  boron  or  beryllium,  .  derived 
from  tourmaline  or  beryl,  are  known  to  occur;  neither  do 
ordinary  tests  show  the  presence  of  these  elements  in  the 
surface  waters.  It  seems  probable  however  that  they  are 
carried  off  as  soluble  salts,  but  in  quantities  so  small  as 
easily  to  escape  notice.  The  failure  to  find  lithia  in  these 
waters  might  be  expected,  for  the  lepidolite  is  always  fresh 
and  unaltered. 
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THE  SALT  DEPOSITS  OP  NORTHEASTERN  OHIO.* 

t.  A.  BOWBOCEBB.  Colnmbiu,  Ohio. 
PLATH    XXVII. 

Introduction.  The  first  settlers  of  the  territory  o! 
Ohio  found  salt  one  of  the  most  expensive  necessities.  Not 
a  pound  was  produced  in  the  territory,  nor  was  there  a 
supply. west  of  the  Alleghanies.  In  consequence,  salt  had 
to  be  transported  across  the  mountains,  making  the  cost 
to  the  settlers  from  four  to  eight  dollars  per  bushel.  So 
heavy  was  this  burden  that  many  thought  it  would  per- 
manently handicap  the  development  of  the  territory. 

However,  when  the  hilts  of  the  southeastern  portion 
of  the  territory  were  explored,  the  situation  was  found  to  be 
more  favorable.  Salt  springs  were  discovered  and  these 
would  at  least  yield  a  partial  supply,  thus  helping  keep  the 
price  of  salt  within  the  reach  of  all. 

Probably  the  first  salt  made  by  white  men  on  land  now 
forming  part  of  Ohio  was  on  the  banks  of  Salt  creek  in 
what  is  now  Jackson  county.t  The  brine  was  obtained 
directly  from  springs  or  from  shallow  wells,  and  evapor- 
ated in  iron  kettles.  Brines  were  found  also  in  the  valleys 
of  the  Muskingum,  Duck  creek  and  other  streams.  Salt 
furnaces  were  built  in  many  places,  thus  making  the  peo- 
ple independent  of  an  eastern  supply. 

These  furnaces  flourished  for  many  years,  but  the  com- 
petition of  New  York  and  Michigan  with  their  much 
stronger  brines  proved  too  much  and  one  by  one  the  fur- 
naces of  Ohio  were  abandoned.  About  the  year  1890  salt 
making  was  practically  restricted  to  Fomeroy  and  vicinity 
in  the  valley  of  the  Ohio  river,  that  locality  having  fuel  in 
the  adjacent  hills  and  water  transportation  for  the  manu- 
factured product.  These  advantages,  however,  great  as 
they  were,  would  not  have  been  sufficient  to  keep  the  in- 
dustry alive.  The  brines  contain  bromine  and  calcium 
■chloride,  and  it  is  these  by-products  that  have  saved  the 
Pomcroy  furnaces  from  the  fate  of  others  in  that  part  of 
Ohio. 

So  great  had  been  the  decrease  in  the  manufacture  of 

•  Published   by   pennlMlon   of   Edward  Orton,  Jr..  State  Oeoloslat  of 
Ohio. 

t  Am.  Jour,  of  ScL.  and  Arta.  Vol.  14,  p.  46. 
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salt  that  in  1890  the  state  produced  only  two  and  six-tenths 
per  cent  of  the  total  yield  of  the  United  States,  ranking 
sixth  among  the  states.  Less  than  ten  years  earlier  Ohio 
produced  over  six  per  cent  of  the  total  and  was  surpassed 
by  New  York  and  Michigan  only, 

Sa/t  Discovertd  in  Northeastern  Ohio.  About  1886- 
when  it  seemed  that  Ohio  must  cease  to  be  a  large  salt  pro- 
ducer, an  important  discovery  was  made.  In  drilling  for 
natural  gas  at  Newburg,  near  Qeveland,  rock-salt  was 
found.  This  well  was  the  deepest  that  had  been  drilled  up 
to  that  time  in  northeastern  Ohio,  and  furnished  valuable 
data  on  the  stratigraphical  succession  of  that  part  of  the 
state. 

The  driller's  log  as  interpreted  by  Dr.  Edward  Orton 
is  as  follows  :* 


Drift 

Ohio  and  Bedford  ihales  

Gorniferous    f    Umeitone  

and  Honroe  J  Sand  containing  Ume.. 
formatjone . .  j^    LimeBtone   

Rock-salt  and  shale 

Shale    

UmeBtone   

Roch-BElt    

Shale,  blue 

Sand    

Shale    

Limestone  

Rock-«aV   

Shale    

Limestone  

Rock-salt 

Bhale   

limestone   

Oll-aand    

Limestone    

OU-sand    


Thickness 

of 
Formation. 

40  ft 
131«  ft 
2«4  ft 
40  ft. 
310  ft 
164  ft 
IB  ft 
81  ft 
60  ft 
40  ft. 
20  ft. 
IS  ft 
22  ft 
20  ft 
10  ft. 
40  ft 
6  ft 
8 
167  ft 
8  ft 
22  ft 


Clinton  J 

formation  1 


Limestone    . 


Total 

Depth. 
40  ft 
1360  ft 
1»0  ft 
1700  ft 
1660  ft 
21G4  ft 
2169- ft. 
22SO  ft. 
2300  ft 
2340  ft. 
2360  ft. 
2378  ft. 
2400  ft 
2420  ft. 
2430  ft 
2470  ft. 
2476  ft 
2483  ft 
2660  ft 
2668  ft 
2S80  ft. 
26S6  ft 

2760  ft. 


•  Geol.  Survey  of  Ohio.  Vol.  vl,  p.  JGS. 
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Later  drilling  was  continued  throu^  "limestones  of 
the  same  general  character"  to  a  depth  approximating  3,000 
feet  when  the  toots  became  fast,  and  hence  work  ceased. 

The  40  feet  of  sandstone  found  at  a  depth  of  1,660 
feet  has  been  reported  in  other  places.  Dr.  Orton  thought 
it  the  equivalent  of  the  Sylvania  sand  found  in  Lucas 
county.  As  is  well  known  the  latter  formation  lies  in  the 
Monroe  formation,  and  hence  cannot  belong  to  the  Orisk- 
any  as  some  have  thought.  The  sand  is  found  at  a  corres- 
ponding horizon  in  the  deep  wells  at  Barberton,  Summit 
county,  Wayne  county  and  at  Jefferson,  Ashtabula  county. 
Ft  is  this  formation  that  contains  the  oil  and  gas  at  the 
latter  place.*  The  presence  of  this  stratum  at  widely  dif- 
ferent places  shows  that  it  is  more  important  stratigraphic- 
ally  than  has  been  heretofore  recognized. 

Chemical  analyses  have  been  made  from  drillings  taken 
at  several  horizons.  These  show  that  the  shales  associated 
with  the  rock-salt  consist  largely  of  calcium  sulphate,  and 
that  the  top  of  the  Niagara  is  strongly  magnesian  and  the 
lower  part  almost  a  pure  dolomyte.* 

Not  finding  the  desired  fuel  in  commercial  quantities 
in  this  well,  attention  was  given  to  the  salt,  with  the  result 
that  the  manufacture  of  this  article  was  soon  begun.  The 
industry  has  been  extended  to  other  places  with  the  result 
that  in  1903  Ohio  produced  nearly  15  per  cent  of  the  total 
for  the  United  States,  and  again  took  third  place,  being 
surpassed  by  New  York  and  M'ichigan  only. 

Record!  of  Other  Wells,  Shortly  after  the  furnace 
was  constructed  at  Newburg,  one  was  built  in  Cleveland, 
the  location  being  on  the  lake  front  at  the  foot  of  Madison 
street.  Brine  is  supplied  by  five  wells,  each  approximating 
2,000  feet  in  depth.     Following  is  a  log  of  well  No.  4 : 

Drift   267  ft. 

Ohio  and  Bedford  shales  .' 713  ft. 

CoalterouB  and  Monroe  formations 7S(  ft. 

•  OaoI.  Survey  of  Ohio,  Bull.  I.  1th  Ser.  p.  It. 
t  Qeol,  Survey  of  Ohio,  V»l.  vl.  p.  361. 
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Rock-salt  and  llmeitone   10  ft. 

Rock-wit   16  ft. 

IjimcBtone    18  ft. 

Rock-salt    ; 1«  ft. 

aallna  UmMtone    4ft 

formation     ««=•'■""  »  "• 

Limestone 21  .ft. 

Rock-salt 37  ft 

Llm«ston«   4  ft. 

Rock-salt    37  ft.: 

Shales    16  ft. 

This  log  does  not  show  the  sandstone  in  -the  Monroe.* 
This  is  believed,  however,  to  be  due  to  the  imperfection  of 
the  record,  and  not  to  the  absence  of  the  formation.  It  is 
worthy  of  note  that  this  well  shows  i68  feet  of  rock-salt." 
Five  years  ago  the  Cleveland  Salt  Company  began 
work,  the  plant  being  located  at  the  intersection  of  Second 
and  Central  avenues.  The  wells  are  about  1,950  feet  deep, 
but  no  detailed  record  was  kept  of  the  strata  above  the 
Salina.  The  latter  consists  of  beds  of  salt  varying  in  thick- 
ness from  5  to  72  feet,  alternating  with  limestone  strata 
ranging  in  thickness  from  5  to  22  feet. 

About  18S9  a  well  in  search  of  oil  was  begun  at  Wads- 
worth  in  the  southeast  corner  of  Medina  county.  Progress 
was  slow,  more  than  a  year  elapsing  before  a  satisfactory 
•depth  (3,200  feet)  was, reached.  Oil  was  not  found  and  but 
little  gas.  However,  at  about  2,400  feet  rock-salt  was  dis- 
covered. The  stockholders  were  not  ready  to  make  use  o£ 
this,  and  accordingly  the  well  was  abandoned.  A  year  or 
two  later  a  company  was  organized  and  the  manufacture 
of  salt  begun.  Brine  is  secured  from  four  wells  approxi- 
mating 2,700  feet  in  depth.  Records  of  the  strata  were  not 
■kept,  but  the  manager  of  the  works  reports  that  four  beds 
■of  rock-salt  were  found;  ag^egattng  140  feet  in  thickness. 
In  the  autumn  of  1898  the  Ohio  Salt  Company  began 
making  salt  at  Rittman  in  the  northeast  corner  of  Wayne 
county.  The  following  records  of  wells  Nos.  i  and  3  show 
the  stratigraphical  succession: 


TJrlft  173  a 

Berea  sandstone  20  ft. 

Bedford  and  Olilo  sliales  1842  ft 
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ComiferouB      f  LlmeBtone  268  ft 

J   8 


and  Monroe    J   Sandstone    (gray)    30  ft. 

formations  |^  Limestone    (Bhelly)    2S6  tL 

S&Uua 

formation  1 


.{ 


Hock-salt   .". 66  ft. 


Total   depth    S624  fL 

) 
Work  ceased  when  the  first  bed  of  salt  was  penetrated, 
but  in  well  No.  3  the  drill  was  forced  deeper. 
The  lower  part  of  this  record  follows : 

Base  of  Monroe  formation  at ZG16  ft 

Rock-salt   6  ft. 

Limestone  26  ft 

Roek-wat   80  ft 

LJmestone  6  ft 

Rock.«aK   3B  ft 

White  slate    30  ft 

Umestcme  7  ft 

Total  depth  26B4  ft 

The  Colonial  Salt  Company,  located  at  Kenmore  be- 
tween Akron  and  Barberton,  has  drilled  six  or  seven  wells 
to  a  depth  of  about  2,900  feet.  At  Barberton  a  few  miles 
farther  south  the  Columbia  Chemical  Company  also  has 
drilled  several  deep  wells  for  salt  used  in  the  manufacture 
of  soda-ash.  Below  is  the  record  of  well  No.  t  of  this  com- 
pany: 

Drift   80  ft 

Slate,  black,  soft  46  ft 

Band,  black,  soft  16  ft 

Cuyahoga  and  Snnbnry  (Berea)  shales 310  ft 

Berea  grit 10  ft 

Bedford  and  Ohio  shales  1710  ft 

Lime,  brown,  very  hard 60  ft 

Lime,  gray,  rery  hard  80  ft 

Lime,  white    160  ft 

Lime,  gray    80  ft 

Sand,  brown,  very  hard  80  ft 

Lime   244  ft 


Comiferons 
and  Monroe 
forma  tlone 
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Rock-salt  80  ft. 

Lime  16  ft. 

Rock«U  5  ft. 

Lime  B  ft. 

j  Rock-Bait   69  ft. 

i^  Lime 107  ft. 

Total    3006  ft. 

One  more  record  will  be  given.     This  is  of  a  well  near 
Cortland,  Trumbull  coilnty.    The  well  was  drilled  for  oil 


Sbale 60  ft. 

Berea  grit  160  ft. 

Bedford  and  Ohio  shales  S396  ft. 

ComlferouB  and  Monroe  formations 683  ft. 

"  Rock-salt   la  ft. 

Limestone    6  ft. 

Rock-salt  2  IL 

Limestone  3  ft. 

Rock-salt  10  ft. 

J,  „                     Limestone  BO  fL 

Rock-salt 2»  ft. 

Limestone   10  ft. 

Rock.salt  BS  ft 

White  shale   18  ft. 

Limestone   3S  ft 

Rock-salt  10  ft. 

Umestone   27  ft 


formation 


Total   depth    3&02  ft 

South  from  Cortland  no  wells  have  been  sunk  to  the 
horizon  of  the  salt  beds,  and  hence  the  extent  of  the  de- 
posits in  that  direction  can  not  be  given.  ,  Farther  west 
Barberton,  Wadsworth  and  Rittman  mark  the  southern  line 
of  exploration.  The  great  difficulty  of  making  tests  lies  in 
the  depth  of  the  formation  sought  after.  The  Ohio  shales, 
which  lie  above  the  great  limestones,  thicken  rapidly  to  the 
east  and  south,  attaining  nearly  2400  feet  along  the  Penn- 
sylvania  line. 

At  Sandusky  a  well,  drilled  for  oil  and  gas,  gave  the 
following  rock  succession  :• 

•  Qeol.  8ur.  ol  Otilo.  vol.  vi.  p.  IK. 
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Drift  10  ft 

CornlferouB  llmeBtone  100  ft. 

Monroe  and  Niagara  fonnatloiiB 979  ft 

Niagara  sbale  and  Clinton  formation 106  ft 

Medina  Bbale  ITS  ft 

Cincinnati  shale  and  Umeetone 600  ft 

UUca  Bbale  310  ft 

Trenton  llmeBtone  at  2S10  ft 

The  Monroe  and  Niagara  limestones  were  found  to 
contain  gypsum,  fourteen  different  layers  having  been  pene- 
trated. The  highest  lay  no  feet  below  the  summit  of  the 
limestone  and  the  lowest  was  near  the  base.  No  rock-salt, 
however,  was  found,  and  hence  the  salt  beds  do  not  extend 
as  far  west  as  Sandusky.  However,  the  area  beneath 
which  these  deposits  have  been  demonstrated  to  lie,  and 
the  thickness  of  the  beds  in  question  show  that  Ohio  con- 
tains enough  salt  to  supply  the  entire  country  for  an  in- 
detinite  period. 


MINERALOaiCAL   8YNONYM8. 
(Prom  the  Ulneraloglcal  Magazine.  Uay,  IME.) 

New  names  are  still  being  given  to  imperfectly  des- 
cribed minerals,  but  it  is  satisfactory  to  observe  that  many 
of  these  doubtful  species,  as  well  as  some  earlier  ones,  are 
being  proved  to  have  no  existence.  Such  names  need, 
therefore,  only  burden  the  lists  of  synonyms  in  the  larger 
works  of  reference.  Amongst  identities  recently  proved, 
or  suggested  on  good  grounds,  the  following  may  be  noted: 

Conchite  =  aragonite  (R,  Brauns,  Centralbltt  Min., 
1901,  p.  134;  H.  Voter.  Zeits,  Kryst.  Min,,  1901,  vol.  xxxv, 
p.  I49)- 

Coolgardite  ^  coloradoitc  -|-  calaverite,  &c.  (L.  J. 
Spencer,  Min.  Mag.,  1903,  vol.  xiii,  p.  z68.) 

Dimorphite  =  orpiment  (S.  Stevanovie,  Zeits.  Kryst. 
Min.,  1904,  vol.  xxxix,  p.  18). 

Goldschmidtite  =  sylvanite  (C,  Palache,  Amer.  Joum. 
Sci.,  1900,  ser,  4,  vol.  x,  p.  422). 

Hessenbergite  =  bertrandite  (F.  Grunling,  Zeits.  Kryst. 
Min.,  1904,  vol.  xxxix,  p.  386.) 
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Huelvite  =  rhodochrosite  +  tephroite  (Chemiker-Zeit- 
ung.  1903,  Jahrg.  xxvii,  p.  15). 

Hussakite  =  xenotime  (E.  Hiissak  and  J.  Reitinger, 
Zeits.  Kryst.  Min.,  1903,  vol.  xxxvii,  p.  563), 

Hydrogiobertite  ^  brucite  +  ?  (L.  Brugnatelli,  Cen- 
tralbratt  Mtn.,  1903,  p.  148). 

Kalgoorltte  =  petzite  +  coloradorite  (L.  J.  Spencer, 
Min.  Mag.,  1903,  vol.  xiii,  p.  268). 

Kilbrickenite  =  geocronite  (G.  T.  Prior,  ibid.,  1902, 
vol.  xiii,  p.  186). 

Ktypeite  =  aragonite  (H.  Vater,  Zeits.  Kryst.  Min., 
1901,  vol.  XXXV,  p.  149). 

Laqroisite  =  rhodochrosite  +  rhodonite  (Chemiker- 
Zeitiing,  1903,  Jahrg.  xxvii,  p.  15). 

Ivussatitc  =  tridymite  (F.  Slavik,  Centralblatt  Min., 
1901,  p.  690). 

Mamanite  =  polyhalitc  (J.  H,  van  't  Hoff  and  G.  L. 
Voerman,  Sitz.-ber.  Akad.  Wiss.  Berlin,  1904,  p.  984). 

NTartinite  =  monetite  (A.  de  Schulten,  Bull.  Soc.  franc. 
Min.,  1901,  vol.  xxiv,  p.  325). 

Metabrushite  =  brushite  (A.  de  Schulten,  ibid.,  1903, 
vol,  xxvi,  p.  14). 

Mooraboolite  ^  nstrolite  (Min.  Mag.,  1903,  vol.  xiii,  p. 
373)- 

Palacheite  =  botryogen  (A.  S.  Eakle,  Amer,  Joum. 
Sci.,  1903,  ser.  4,  vol.  xvi,  p.  379). 

Plusingtanz  =  argyrodite  (A.  Frenzel,  Min.  petr.  Mitt, 
(Tschermak),  1900,  vol.  xix,  p. '244). 

Ramosite  =  basic  volcanic  scoria  (L.  McI.  Luquer, 
Amer,  Journ,  Sci.,  1904,  ser.  4,  vol.  xvii,  p.  93). 

Reinite  ^  wolframite  pseudomorphous  after  scheelite 
(T,  Wada,  Minerals  of  Japan,  Tokyo,  1904,  p.  76). 

Simonyite  —  blodite  (F.  M.  Jaeger,  Min.  petr.  M5tt. 
(Tschermak),  1903,  vol.  xxii,  p.  103). 

Tamanite  =  anapaite  (Zeits.  Kryst.  Min.,  1903,  vol. 
xxxvii,  p.  267). 

Torrensite  =  rhodochrosite  +  rhodonite  (A.  Lacroix, 
Bull.  Soc.  franc.  Min.,  1900,  vol.  xxiii,  p.  254). 

Viellaurite  =  rhodochrosite  -f-  tephroite  (A.  Lacroix, 
ibid.,  1900,  vol.  xxiii,  p.  253). 
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Wapplerite  =  rosslerite  {A.  de  Schulten,  ibid.,  1903, 
vol.  xxvi,  p.  99). 

Warrenite  =  jamesonite  (L.  J.  Spencer,  Nature,  1904, 
vol.  Ixix,  p.  575). 


EDITORIAL  COMMENT. 


The  New  Building  for  the  National  Museum,  at  Washing- 
ton, D.  C. 
PLATK  t^Tdt  X.'  . 
The  present  National  Museum  building  has,  almost 
from  the  day  of  its  completion,  been  recognized  as  quite 
inadequate  to  meet  the  requirements  of  the  rapidly  growing 
collections  and  to  supply  the  needs  of  an  ever  increasing 
force  of  workers.  In  his  report  for  1882  professor  Baird 
discussed  this  matter  and  proposed  that  a  third  building  be 
erected  on  the  southwest  corner  of  the  Smithsonian  reser- 
vation, sufficient  for  the  accommodation  of  the  Geological 
Survey  and  the  geological  and  mineralogical  collections  of 
the  Museum.  A  bill  providing  for  such  a  building  was  in- 
troduced into  Congress  and  referred  to  the  Committee  on 
Public  Buildings  and  Grounds,  but  no  definite  action  at  that 
time  was  taken. 

From  1882  until  the  present  time  the  necessity  for  a  new 
building  has  nevet*  ceased  to  be  the  subject  of  more  or  less 
attention  by  the  regents  and  secretary,  but  it  was  not  until 
the  spring  of  1903  that  a  bill  was  finally  passed  appropri- 
ating three  and  a  half  million  dollars  for  this  object.  At  the 
present  writing  the  foundation  for  the  new  building  is  laid 
and  work  upon  the  superstructure  begun. 

According  to  the  details,  as  given  in  the  last  report  of 
assistant  secretary  Rathbun,  the  new  building,  which  is  to 
be  situated  on  the  north  side  of  the  Smithsonian  grounds 
and  facing  the  old  Smithsonian  building,  will  have  a  length 
of  five  hundred  and  fifty-one  feet,  a  width  of  three  hundred 
and  eighteen  feet,  exclusive  of  projections,  and  a  bight  of 
stonework  above  the  basement  floor  of  seventy-seven  feet. 
There  will  be  four  stories  including  the  basement,  which, 
beginning  above  the  level  of  the  adjoining  street,  will  be 
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well  lighted  and  entirely  available  for  use.  The  main  and 
second  stories  will  contain  the  exhibition  collections,  while 
the  basement  and  upper  story  will  be  allotted  to  the  many 
other  requirements  of  a  large  museum. 

In  a  general  way  it  may  be  said  that  the  building  will 
consist  primarily  of  a  main  part  in  the  shape  of  a  broad  T, 
comprising  three  wide  wings  or  sections  diverging  at  right 
angles  from  a  large  rotunda  at  the  southern  or  principal 
entrance.  Ranges  of  narrower  width,  one  on  each  side  and 
two  at  the  north,  will  connect  the  three  ends  of  the  T  or 
main  sections  so  as  to  inclose  two  large  open  courts  (each 
128  feet  square),  and  thus  complete  the  quadrangle.  The 
two  south  sections,  which,  with  the  rotunda,  comprise  the 
front  part  of  the  building,  will  project  slightly  at  each  end 
beyond  the  walls  of  the  side  ranges. 

The  new  structure  will  be  located  on  the  north  side  of 
the  Mall,  in  the  so-called  Smithsonian  park,  about  midway 
between  Ninth  and  Twelfth  streets,  directly  in  front  of  the 
Smithsonian  building,  and  with  its  center,  like  that  of  the 
latter,  on  the  axis  of  Tenth  street.  While  the  main  front 
and  entrance  will  face  southward,  or  toward  the  middle  of 
the  park,  there  will  also  be  a  commodious  entrance  by  way 
of  the  basement  on  the  north,  as  an  approach  from  Tenth 
street.  The  northern  facade  will  be  about  78  feet  from  the 
sidewalk  of  B  street  north,  while  the  central  projection 
thereof,  containing  the  entrance,  will  reach  about  25  feet 
nearer  to  the  street. 

As  the  land  rises  rapidly  southward  from  B  street,  it 
has  been  planned  to  have  the  basement  floor  slightly  above 
the  level  of  that  street,  but  at  the  south  the  top  of  the  base- 
ment will  be  nearly  on  a  level  with  the  ground.  Suitable 
embankments  will  be  built  along  the  sides  of  the  building, 
inclosing  a  broad  area,  which  will  also  extend  along  the 
south  front,  thus  making  the  basement  equivalent  to  a  full 
story  for  at  least  workroom,  laboratory,  storage,  and  heat-  ' 
ing  purposes.     Its  hight  will  be  14  feet. 

The  first  and  second  stories,  intended  for  the  public, 
will  be  20  feet  and  19  feet  5  inches  high,  respectively.  The 
windows  will  measure  14  feet  9  inches  high  in  the  first  and 
12  feet  high  in  the  second,  the  corresponding  ones  in  the 
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two  stories  occupying  the  same  embrasure,  though  separa- 
ted by  ornamental  metal  work.  These  windows  will  be 
about  ilj^  feet  wide,  and  the  intervening  wall  space  about 
7  feet  wide,  giving  a  unit  for  the  installation  of  exhibits  of 
i8  feet  6  inches. 

The  third  story  will  be  12  feet  in  hight,  with  windows 
about  7  feet  high  by  5  feet  3  inches  wide,  furnishing 
ample  light  for  all  the  requirements  of  the  laboratories  and 
storerooms.  In  the  three  main  sections  of  the  building 
there  will  be  another  low  story  above  the  third  story  suit- 
able for  the  storage  of  dried  specimens. 

The  relatively  small  amount  appropriated  for  this  large 
building  has  demanded  simplicity  of  design  and  the  omission 
of  all  extravagant  decoration.  The  lines  and  proportions 
have  been  so  well  planned,  however,  that  the  structure  can- 
not fail  to  be  one  of  great  dignity  and  beauty  and  a  worthy 
addition  to  the  public  buildings  in  Washington.  The 
granite  will  be  laid  in  ashlar  courses,  but  the  entrances  will 
be  worked  up  with  a  certain  amount  of  elaborateness.  A 
metal  dome,  with  skylight,  will  cover  the  rotunda,  and  there 
will  also  be  skylights  along  the  main  roofs  for  lighting  the 
large  halls. 

The  rotunda  at  the  south,  or  main,  entrance  will  be 
about  one  hundred  and  sixteen  feet  square,  and  lighted  en- 
tirely from  above.  It  will  connect  directly  with  the  three 
great  halls,  which  are  to  be  similar  in  character  and  of  the 
same  length  and  width,  about  209  by  ri6  feet,  all  provided, 
with  galleries  except  at  the  inner  ends  adjoining  the  rotun- 
da. The  galleries  along  the  sides  will  be  32  feet  wide,  leav- 
ing interspaces  of  50  feet  width.  This  central  or  open 
part  of  each  main  hall  will  be  148  feet  long  and  reach  to 
ceiling  lights  under  the  skylights,  a  distance  of  60  feet, 
while  the  galleries  and  sides  of  .the  first  story  will  receive 
their  light  from  the  large  windows  of  the  fronts  and  courts. 
.The  galleries  of  the  second  and  third  floors  are  intended  to 
be  entirely  screened  off  from  the  central  halls  and  treated 
as  space  that  can  be  divided  to  suit  the  requirements.  The 
space  under  the  galleries  may  be  treated  in  the  same  way  or 
left  open,  as  circumstances  may  dictate." 

The  remainder  of  the  building,  consisting  of  the  ranges 
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on  the  east,  west,  and  north,  will  be  55  feet  in  interior 
width  and  have  solid  floors,  one  above  the  othe,  the  light 
being  obtained  entirely  from  windows. 

The  main  and  second  floors  will,  as  before  stated,  be 
used  wholly  for  the  public  exhibition  collections,  while  the 
upper  floor  will  be  divided  into  laboratories  and  storage 
rooms  for  the  reserve  collections.  The  basement  will  have 
the  same  dimensions  as  the  first  floor,  but  under  the  main 
halls  it  will  require  to  be  lighted  artificially.  The  side  areas 
will  be  of  sufficient  width  for  teams,  which  may  enter  the 
building  at  both  ends  of  the  south  front.  One  of  the  south 
wings  of  the  basement  will  be  utilized  for  the  boilers,  power 
plant,  mechanical  workshops,  etc. ;  the  other,  as  well  as  the 
ranges,  probably  for  laboratories  and  for  the  storage  of 
such  specimens  as  can  best  be  accommodated  there,  though 
some  parts  of  the  ranges  may  be  used  for  exhibition  pur- 
poses. 

The  northern  entrance  will  be  by  way  of  the  basement, 
into  a  large  vestibule  with  elevators  and  stairways.  There 
will  also  be  passageways  leading  in  all  three  directions,  the 
central  one  communicating  directly  with  a  small  lecture 
hall  occupying  the  center  of  the  middle  section  of  the  base- 
ment. On  each  side  of  this  hall  will  be  a  series  of  small 
rooms,  some  of  which  can  be  used  for  committee  meetings. 

The  net  floor  area  of  the  building  will  be  about  411,374 
square  feet,  or  about  9.44  acres,  subdivided  as  follows : 
Basement  and  main  floors,  each  about  116,732  square  feet; 
second  and  third  floors,  each  about  88,955  square  feet. 

The  building  thus  described  will,  as  shown  by  the  floor 
plan  (plate  xxviii),  be  occupied  by  the  three  departments  of 
anthropology,  biology,  and  geology.  As  the  space  occupied 
by  the  department  of  geology  in  the  present  building  falls 
a  little  short  of  20,000  square  feet,  it  will  be  seen  that  the 
new  structure  will  offer  ample  opportunity  for  expansion. 

A  few  words  may  be  added  relative  to  the  mate- 
rials from  which  the  building  is  to  be  constructed.  As  is 
well  known,  there  has  been  a  decided  preference  manifested 
of  late  by  architects  for  light-colored  material — a  prefer- 
ence which,  naturally,  could  be  fully  satisfied  only  by  the 
adoption  of  marble.     By  many,  however,    it    is    felt    that 
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marble  is  too  delicate  a  material  for  the  exterior  of  struc- 
tures in  the  trying  climate  of  the  eastern  United  States. 

Fortunately  for  those  interested  in  the  new  Museum 
building,  there  has  been  developed  recently  a  quarry 
of  a  very  light  muscovite -bearing  granite  at  Bethel,  Ver- 
mont, and  it  is  to  contractors  controlling  this  quarry  that 
the  award  for  the  first  two  stories  above  the  basement  of 
the  new  structure  has  been  given.  This  stone  when  in  the 
■quarry  weathers  to  a  whiteness  almost  equal  to  that  of 
marble,  but  with  a  softer  and  more  mellow  tint,  and  has,  at 
the  same  time,  the  appearance  of  strength  and  massiveness 
of  granite.' 

The  basement  story  of  the  building  is  to  be  constructed 
of  a  light-pink  granite  from  Milford,  Mass.,  and  the  upper 
portion  of  a  light-gray  stone  from  Mount  Airy,  North  Caro- 
lina. Q.  p.  u. 
Notes  ok  Gqldfikld,  Wevada. 
The  following  notes  are  based  upon  an  examination  of 
a  few  days,  only,  and  are  not  presented  as  in  any  way  an 
exhaustive  report  upon  the  district. 

The  Goldfield  district  is  situated  about  twenty-five  (25) 
miles  south  from  Tonopah,  near  the  boundary  line  between 
Nye  and  Esmeralda  counties,  Nevada. 

The  first  discoveries  of  gold  ore  were  made  in  the 
spring  of  1903.  The  first  rich  ore  was  taken  out  early  in 
1904;  and  during  that  year,  there  was  produced  high  grade 
ore  ($roo.oo  per  ton  or  more)  to  the  value  of  about  $2,200,- 
000  net  smelter  returns.  This  ore  was  taken  out  mostly  by 
leasers,  hauled  by  team  to  Tonopah  and  shipped  from  there 
over  a  narrow  gauge  railroad.  The  chief  producers  during 
1904  were 

The  Jumbo Production  about  $700,000.00 

The  Florence "  "        650,000.00 

The  Combination   ..  "  "        600,000.00 

The  January "  "         187,000.00 

These  properties  are  all  near  the  south  end  of  Columbia 
mountain.  Other  properties  in  the  district  have  produced 
very  rich  ore,  the  "Sandstorm"  for  example,  which  lies 
north  of  the  mountain,  and  from  which  a  shipment  of  about 
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fourteen  tons  produced  over  $45,000.00  net.  Rich  strikes 
have  been  made  at  other  points,  notably  at  the  "Quartzite," 
some  five  miles  southeast  of  Columbia  mountain,  and  at  the 
"Simmerone"  which  lies  between  the  two'.  No  such  regu- 
lar and  well  defined  ledges  of  ore  have  been  found  in  the 
outlying  portions  of  the  camp  as  upon  the  properties  near 
Columbia  mountain ;  but  the  development  work  has  not  yet 
been  prosecuted  to  the  same  depth. 

The  discoveries  thus  far  made  are  scattered  over  an 
area  some  five  or  six  miles  square.  This  area  was  formerly 
covered  by  lava,  the  erosion  of  which  has  laid  bare  the  rocks 
and  veins  and  has  formed  a  plateau  or  mesa  which  bounds 
the  district  on  the  west.  The  siliceous  reefs  of  quartz  and 
rhyolyte  appear  in  irregular  ridges  of  no  great  bight,  mark- 
ing the  croppings  of  some  of  the  veins.  The  rocks  are  much 
iron-stained,  but  are  not  very  deeply  oxidized. 

Undecomposed  sulphide  minerals  can  be  seen  in  the  ore 
almost  upon  the  surface  upon  the  Jumbo,  January  and 
Florence.  The  ground  water  is  met  at  the  depth  of  about 
200  feet  from  surface  and  below  this  level  the  ore  is  base 
although  free  gold  is  abundant.  The  ground  is  "heavy"  be- 
low water  level,  and  will  require  timbering  and  filling'mak- 
ing  the  mining  cost  heavy  in  that  desert  country.  Fuel 
also  is  expensive ;  and  pumping  and  hoisting  costs  will  be 
above  the  average. 

The  rocka  of  the  district  are  andesytes,  basalts  and 
rhyolytes  with  some  aplyte  and  silicified  limestone.  The 
andesyte  is  very  soft ;  and  shafts  are  easily  sunk  in  it.  The 
rhyolyte  is  much  harder,  and  usually  constitutes  the  ore. 
It  contains  much  chalcedonic  silica,  evidently  deposited  by 
hot  waters;  but  not  much  normal  vein  quartz.  The  dikes  of 
rhyolyte  are  of  all  sizes  from  a  few  inches  to  forty  feet  in 
thickness ;  and  have  irregular  strikes  and  dips  with  many 
branches  and  ramifications,  both  on  the  surface  and  in 
depth.  They  are  so  numerous  and  so  frequently  auriferous 
and  so  variable  in  position  that  there  will  certainly  arise  a 
great  many  conflicts  and  much  litigation  in  the  future. 
Several  instances  were  noticed  of  opportunities  for  such 
trouble  already  fully  developed. 

The  strike  of  the  auriferous  dikes  is  generally  northerly 
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and  southerly  and  there  is  a  tendency  toward  an  easterly 
dip  which  is  quite  variable.  At  times,  however,  the  strike 
is  curved  and  the  veins  are  almost  crescent-shaped.  At 
other  times,  the  deposits  appear  to  be  limited  in  depth  and 
confined  to  pockets  of  very  rich  ore  on  the  surface  of  the 
ground.  This  mode  of  occurrence  together  with  the  chal- 
cedonic  silica  and  the  very  fine  condition  of  the  gold  even 
in  the  bonanza  ore,  added  to  the  rotted  appearance  of  the 
rocks  all  indicate  deposition  by  hot  spring  action,  and  make 
it  certain  that  the  rich  ore  bodies  are  irregular  in  shape  and 
extent  and  that  they  may  often  be  expected  to  occur  in 
chimneys  and  shoots  of  roughly  cylindrical  form,  rather 
than  in  well  defined  veins  continuously  and  uniformly  min- 
eralized. At  the  same  time,  there  are  abundant  evidences 
of  movement,  and  of  mineralization  along  fissures  and  dikes 
in  some  of  the  principal  mines  near  Columbia  mountain. 
Thus  in  the  Florence  there  are  stopes  some  200  feet  deep, 
200  feet  long,  and  from  six  to  fifteen  feet  between  walls 
which  are  marked  by  clay  selvage,  planes  of  movement, 
drag  pebbles  and  all  the  indications  of  strong  fissures. 
Similar  indications  of  extensive  shattering  are  seen  in  the 
January  and  Jumbo;  and  may  be  developed  in  depth  on 
other  properties  where  not  visible  in  the  surface  workings. 
The  oxidized  ore  at  GoMfield  is  valuable  solely  for 
gold.  Silver  is  almost  wholly  absent,  as  are  lead  and  cop- 
per. Pyrite  particles  are  visible  in  the  harder  portions  of  the 
quartz.  Below  the  water  level  the  ore  contains  gray  cop- 
per, bismuthinite  (bismuth  sulphide)  and  some  tellurides. 
The  gray  copper  is  rich  in  gold.  One  assay  of  a  sample 
from  the  Florence  mine  at  the  depth  of  250  feet  gave  sev- 
enty ounces  of  gold  and  seven  ounces  of  silver.  The  ore 
from  this  level  of  the  Florence  all  carries  copper  and  will 
average  possibly  two  per  cent,  while  the  Brst  class  ore  con- 
tains about  seven  per  cent.  The  bismuthinite  is  generally 
associated  with  rich  ore  in  which  the  native  gold  is  seen 
sprinkled  all  through  the  rock  in  intimate  relation  with  the 
brilliant  needles  of  the  bismuth  mineral.  Free  gold  was 
not  noticed  in  the  gray  copper. 

There  is  abundant  evidence  of  secondary  enrichment 
in  the  shape  of  films,  rich  deposits  in  cracks  and  crevices 
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and  in  the  spongy  nature  of  the  gold.  But  the  general 
structure  and  the  presence  of  very  rich  sulphide  ore  con- 
taininig  antimony,  arsenic,  tellurium  and  copper  are  all  indi- 
cative of  the  existence  of  rich  ore,  probably  in  very  irregular 
deposits,  but  that  may  be  followed  to  a  considerable  depth. 
In  other  words,  the  ore  is  not  all  superficial  and  secondary. 
There  will  certainly  be  found  ore  shoots  extending  down- 
ward for  many  hundred  feet. 

The  expense  of  prospecting  such  irregular  lodes  and 
the  cost  of  mining  and  treating  such  complex  ore  in  treach- 
erous ground  lead  to  the  conclusion  that  low  grade  ore 
will  never  have  a  value  in  Goldfield;  but  that  the  assay 
value  must  be  from  fifteen  to  twenty  dollars  per  ton  to 
furnish  any  profit. 

My  opinion  on  the  whole  is  very  favorable ;  and  I  look 
to  see  a  large  production  of  gold  for  many  years  to-  come 
from  the  Goldfield  district.  h.  v.  w. 

ButU,  Montana,  May  15,  1905. 


REVIEW  OF  RECENT  GEOLOGICAL 
LITERATURE. 

Eflfcet  uf  cuff  Brosioa  oa  form  of  Contact  Surfaces.  By  N.  M  Fkn- 
NBNAH  (Bulletin  Qeol.  Soc.  Amer.,  vol.  16,  pp.  206.214.) 
ThlB  la  a  BUKgeHtive  paper  In  a  eomewhat  new  field  of  obeerva* 
tlon  and  theory.  Tbe  problem  wae  encountered  tn  an  tnvestlgatlon 
by  Mr.  Fenneman,  of  the  contact  relatione  of  the  Wyoming  Red 
beds  with  the  underlying  granite  of  the  Front  range  of  the  Rocky 
mountalne.  The  field  of  study  was  the  southern  half  of  the  Boulder- 
and  the  northern  part  of  the  Denver  quadrangles. 

In  this  area  the  sandstones  were  evidently  laid  down  on  a  sub- 
marine land  surface  of  considerable  relief,  but  the  details  of  the 
relief  were  quite  unlike  the  forms  produced  by  stream  erosion  and 
the  granite  at  the  contact  surface  is  as  free  from  the  products  or 
weathering  as  the  rock  many  feet  below  the  contact. 

Mr.  Fenneman  points  out  that  the  surface  of  contact  between 
unconformable  formations  will,  of  course,  have  some  dependence 
upon  tbe  topography  oC  the  preexisting  land  surface.  The  surface- 
ot  contact  Is  visible  only  In  section;  If  this  section  Is  a  straight  line, 
the  surface  Is  presumably  a  plane.  The  more  the  line  deviates  from 
stralKhtnees,  foldloK  aside,  tbe  more  ragged  is  the  topograpby- 
wblch  may  be  Inferred. 
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But  these  Inferencee  fall  to  take  Into  consideration  the  Im* 
portant  change  In  topography  which  may  accompany  the  adrancs 
<it  the  aea. 

There  are  two  factors  which  will  control  the  surface  of  coo- 
tact,  namely;  (1)  subaerlal  erosion,  (2)  marine  eroaion.  Tbeaa 
factors  may  combine  In  any  proportion,  of  which  there  ar«  two 
hypothetical  extremes:  (1)  rapid  subsidence  and  minimum  wave- 
erosion  leaTlng  the  subaerlal  topography  unaltered.  <2)  slow  sub- 
sidence and  the  complete  dominance  of  shore  erosion  destroytng 
the  relief  of  the  submarine  land  surface. 

Neither  of  these  extremes  is  considered  by  Mr.  Fennemau.  Of 
all  possible  relations  between  rate  of  subsidence  and  of  wave 
erosion  Mr.  Fenneman  discusses  three  hypothetical  cases. 

(1)  CUff-recesalon  due  to  wave  erosion  more  rapid  than  shift- 
ing of  coast-line  due  to  submergences;  In  tbls  case  a  gentler  sear 
ward  Inclination  than  that  of  the  slope  produced  by  subaerlal 
erosion  would  result,  or  If  the  original  slope  Is  broken  by  ralleys 
and  ridges  the  latter  will  be  truncated.  Whether  this  truncation 
reaches  the  valley  bottoms  will  depend  upon  the  rate  of  subsidence. 
CHS  recession  will  take  place  against  accumulating  dlfflcnltles  due 
to  Increasing  hlght  and  length  of  cllB  and  absence  of  bays. 

Case  2.  CllS  recession  progressively  retarded  until  Its  rate 
equals  that  of  the  shifting  of  the  shoreline  due  to  submergence; 
In  this  case,  at  first  a  gentler  seaward  slope  than  that  produced 
l>y  subaerlal  erosion  would  be  formed  as  in  case  1.  Then,  when 
the  rate  of  recession  equaled  that  of  shifting,  the  slope  (rf  marine 
denudation  would  be  equal  to  the  slope  of  subaerlal  condition  and 
tbe  receding  cliff  will  have  a  constant  hl^L  This  hlght  will  be 
such  as  to  allow  recession  at  the  same  rate  at  which  the  shoreline 
would  move  landward  by  submergence  alone. 

The  land  surface  will  thus  be  pared  down  uniformly.  The  de- 
nudation may  or  may  not  cut  below  the  valleys  of  aubaerial 
erosion.  If  it  does  cut  below  the  valley  bottoms  the  entire  surface  of 
-contact  will  be  fresb  rock.  If  the  paring  is  not  below  the  valley 
bottoms,  tfae  weathered  rock  of  the  valley  botttnos  will  be  pre- 
served on  the  lower  side  of  the  contact  surface,  while  the  rock 
surface  of  the  cut  planes  which  replace  the  ridges  will  be  fresh  and 
the  sediments  laid  down  upon  it,  derived  from  cliff  cutting  and 
active  streams  will  be  coarse  and  fresh. 

These  two  facts  distinguish  this  case  from  the  advance  of  the 
sea  without  cliff  cutting  over  a  peneplain  with  its  mantle-rock  of  fine 
material  and  Its  deeply  weathered  underlying  rock. 

Mr.  Fenneman  applies  this  case  to  the  area  studied:  Hie 
Archaean-Wyoming  contact  has,  he  states,  a  maximum  relief  of 
perhaps  500  feet,  its  undulations  are  extremely  smooth,  no  stop« 
being  less  than  3  miles  long  and  the  maximum  steepness  ISO  feet 
to  the  mile.  These  slopes  are  unbroken  by  valleys,  and  the 
Archaean  rocks,  as  stated  earlier,  are  of  uniform  freshness.    These 
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facts  Indicate  that  the  entire  surface  of  subaerlal  erosion  on  tbe 
Archaean  rocka  Including  the  valley  bottoms  was  pared  b;  tke 
Wroming  Bca  at  least  to  a  depth  below  the  zone  of  weathering. 
This  denudation  erased  the  minor  features  of  relief  and  reduced 
the  major  features. 

The  contact  of  the  Archaean  granite  and  the  Wyoming  Red 
beds  llIustrateB  then  that  phase  of  case  2  In  which  marine  erosion 
ta&s  cut  beneath  the  valley  bottoms  of  the  subsiding  aurfoce  of  sub- 
aerlal erosion. 

Case  3.  CltS  erosion  leBS  rapid  than  shore  line  shifting  by  sub- 
mergence. Hypothetlcally  the  Burface  of  marine  denudation  would 
In  this  case  have  a  steeper  slope  than  that  of  subaerlal  erosion. 
This  is  manifestly  impossible  unleSB  an  lultlaJ  ctltC  is  assumed.  The 
case  then  becomes  a  later  Btage  of  a  process  begun  under  the  con- 
ditions of  Case  1  or  Case  2.  Assuming  the  development  of  such 
clifls  the  surface  of  marine  eroBlMi  will  slope  aeaward  Intersecting 
first  the  deeper  and  then  the  Bhallower  valleys. 

The  principles  Illustrated  by  these  three  cases  may  be  succeas- 
ively  operative  In  controlling  the  ccmtour  of  a  single  land  surface, 
that  is,  the  three  cases  given  above  represent  conditions  which 
obtain  at  different  stages  of  cliff  recession  and  shore  line  migration. 
If  low  initial  cIlfFB,  which  are  of  common  occurrence,  be  assumed, 
then  cliff  recession  will  be  more  rapid  than  shifting  of  the  shore 
line  due  to  subsidence,  and  the  contour  will  be  controlled  by  marine 
erosion  (Case  1).  The  convex  curve  of  subaerlal  erosion  will  be 
altered  to  a  curve  which  Is  concare  upwards.  With  the  pro- 
gressive decrease  in  the  rate  of  clilf  cutting,  due  to  their  increasing 
hlght  there  will  arrive  a  stage  In  which  conditions  obtain  similar  to 
that  of  case  2,  1.  e.,  when  cliff  erosion  will  Just  equal  the  shore- 
shifting  due  to  subsidence,  and  the  contour  curve  will  be  at  a  lower 
level  than  the  preexisting  contour  of  subaerlal  erosion,  but  similar 
and  parallel  to  IL  Subsequently  clllf-recesslon  will  become  less 
rapid  than  shore-shifting  and  the  conditions  are  similar  to  those  of 
case  3.  The  curve  of  marine  erosion  becomes  curved  upward  and 
will  approach  but  never  quite  coincide  with  the  curve  of  subaerlal 
erosion. 

If  the  subsiding  remnant  of  land  be  an  undlssected  plain.  It 
will  be  reduced  by  ctitC  cutting  at  an  Increasingly  rapid  rate  as  the 
higbt  of  the  cIlfFs  grows  less.  If  the  subsiding  remnant  be  dl^ 
sected  by  valleys.  Islands  will  result  from  submergence,  which  will 
each  reproduce  the  story  of  the  entire  land-mass. 

If  instead  of  low  initial  cllfls.  well  developed  clllfs,  cut  while 
the  land  Is  stationary,  be  assumed,  that  stage  of  the  process  rep- 
resented by  case  i  Will  be  omitted,  otherwise  the  history  of  cliff- 
cutting  and  shore- shifting  will  remain  the     same     as  that  given 

In  this  abstract  the  reviewer  has  followed  more  or  less  cloaely 
Mr.  Fenneman's  language,  which  is  extremely  concise  so  much  so 
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MM  to  occaBlonally  lose  eomethlng '  In  clearnew.      Four    diacrkma 
fnmlBti  grsplilc  Illustrations  of  the  principles  presented. 

The  discussion  has  an  immediate  bearing  upon  the  inferanoes 
that  may  be  drawn  from  contact  surfaces,  of  the  character  et 
former  land  suifatras  and  ably  calls  attention  to  a  hctor  whlidi 
has  been  more  or  less  overlooked,  in  making  such  Inferences,     r    B. 

Geologic  Map  of  the   TaUy  QuBdrangk   [New   York\:   BuUetln  N.  T. 

State  Museum  S2,  190B;    John  M.  Clarkk  and  D.  Dana  Luthu. 

The  New  York  State  Museum  has  recently  published  two  bulle- 
tins containing  descriptions  of  the  formations  foun4  on  three  qaad- 
rangles  of  that  state  accompanied  by  geologic  maps.  Bulletin  81, 
in  which  the  formations  of  the  Watkins  and  Blmira  quadranglea  In 
southern  central  New  York  were  described  and  mapped,  was  re- 
Tlewed  in  the  Aiisrioa.k  QioLoam  last  November. 

The  TuUy  quadrangle  is  located  In  central  New  Yot^  directly 
south  of  the  Syracuse  quadrangle  in  the  third  district  of  the 
original  survey,  which  wss  described  by  Vanuzem  In  his  Anal  im- 
port of  1842.  A  comparison  of  these  maps  with  the  state  one  of 
1842.  shows  at  a  glance  the  great  development  in  our  knowledge 
of  the  geology  of  New  York  state  during  the  last  60  years.  "Hie 
quadrangle  is  easily  reached  from  Syracuse  and  on  this  account 
it  will  be  of  special  Interest  to  the  students  of  geologr  in  that  city 
and  Its  University. 

The  rocks  shown  upon  the  may  belong  to  the  Upper  Sllurlui 
and  Devonian  systems  which  the  authors  have  represented  by  18 
divisions  and  grouped  them  as  follows: 


Neodevonlc  \ 


Meeodevonlc 


(Ithaca  Bandstone  and  shale 
Sherburne  flags 
I  Genesee  shale 
I  Tully  Itmestone, 

(  Moscow  shale 

I  l>ud  low  vine  shale 

/  Skaneateles  shale  and  limestone 

I  Cardiff  shale 

I  Marcellna  shale. 


}  Helderberglan 

ManlluB  limestone 
Rondout  waterllme 
CoblesklU  dolomyte 
Bertie  waterllme 
Camlllus  shale. 

In  the  description  of  the  units  of  sedimentation  the  lithologle 
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chftracten  are  clearly  d«fliied  and  llaU  of  the  more  characterlatlc 
(ouUb  given. 

Probabl;  that  port  of  the  bulletin  which  will  prove  of  moat  gen- 
eral Interest  U  the  article  by  Dr.  John  M.  Clarke  on  the  "Ithaon 
fauna  ot  central  New  Tork."  in  the  fSllowing  quotation  Dr. 
Clarke  haa  very  clearly  stated  the  relatione  of  this  fauna  to  con- 
temporaneous faunas  east  and  west,  the  misapprehension  that  ex- 
isted for  many  years  regardlnK  Its  stratlgraphlc  position  and  Its 
gradual  change  from  essentially  a  Hamilton  fauna  In  the  earlier 
deposits  of  the  Ithaca  formation  to  one  more  nearly  related  to  the 
-Chemung  In  the  later  deposits  ot  the  formation: 

"Portage  time  and  sedimentation  In  New  York  Involved  very 
marked  geographic  distinctions;  at  the  east  was,  during  Its  earliest 
stage,  a  marine  fauna  quickly  followed  by  a  lagoon  deposltltw 
known  as  the  Oneonta  sandstone.  Continuous  with  these  beds 
through  Chenango,  Cortland  and  Tompkins  counties  are  the  true 
Ithaca  beds  carrying  the  littoral  marine  fauna  here  set  forth;  these 
beds  being  Interleaved  with  the  Oneonta  deposits  eastward  and 
the  true  Portage  or  Naples  beds  westward.  The  latter  contain  an 
Invading  and  deeper  water  fauna  having  nothing  in  common  with 
that  of  the  Ithaca  beds.     •    •     •    • 

Tin  10  or  12  years  ago  a  singular  and  deplorable  misapprehen- 
sion of  the  signlflcance  of  the  Ithaca  fauna  prevailed  and  was  In- 
advertently countenanced  In  some  of  the  volumes  of  the  Paleon- 
talogy  ofNtw  York.  Its  fossils,  lying  well  above  the  horison  of 
the  Hamilton  shales  of  central  New  York  were  In  many  Instances 
described  as  of  the  Hamilton  fauna,  and  It  Is  to  the  work  of  Prot 
C.  S.  Proaser  that  we  owe  the  first  rectification  of  these  errors  and 
the  return  to  Vanuxem's  original  conception  of  the  place  of  the 
Ithaca  teuna.    •    •    •    • 

It  has  been  well  recognised  and  often  referred  to  In  the  pub- 
lished papers  of  professor  Prosser  and  the  writer  that  this  fauna 
is  at  first  a  repetitive  occurrence  of  the  Hamilton  fauna  beneath, 
shades  of  difference  in  the  epecles  above  and  below  the  horison 
of  the  Tulty  limestone  and  Qenesee  shale  and  Sherburne  sandstone 
being  at  first  absent  or  obscure,  but  becoming  more  pronounced 
upward  in  the  series  and  accompanied  by  the  Introduction  of  species 
Allen  to  the  lanna- below.  Broadly  It  may  be  said  that  the  fauna 
starting  at  the  base  ot  the  Ithaca  sedimentation  la  essentially  Ham- 
ilton but  by  degrees,  by  the  addition  of  species  snd  through  muta- 
tional and  protounder  varlatltm  from  the  ancestral  species,  puts  os 
a  different  aspect  and  gradually  assumes  that  of  the  higher  w  Che- 
mung fauna." 

At  the  close  of  this  article  is  given  a  "Hat  of  localities  at  Ithaca 
fossils"  from  Cortland.  Chenango,  Broome  and  Otsego  counties,  by 
gether  with  a  list  ot  the  species  found  at  the  various  localities. 

The  geologic  maps  of  the  several  quadrangles  so  far  published 
ly  the  New  York  State  Hnseum  are  models  of  cartt^raphlcal  skill 
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probaly,  as  yet,  uoexcelled.  The  field  work  for  tbe  Tully  quadnuigle 
and  others  In  central  and  western  New  York  has  been  done  or 
directed  by  Mr.  Luther.  This  work  merits  the  praise  which  It  has 
received  from  the  state  geologist  who  sa^fi  that  Hr.  Luther's  "skill 
In  the  careful  stratlgraphlc  determlnatton  of  the  older  rocks  In  New 
Tork  Is  In  tny  Judgment  not  to  be  surpassed."  o.  s.  i . 

Oklnhoma  Gtologkal  Survey  (Dept  Geo!,  and  Sat.  Hist.),  3d  Br- 
enntMl  Report,   A.   H..  Van  Vlbit,  Territorial  Geologist,  Qutbrie, 

1904,  pp.  49. 

The  third  biennial  report  of  the  territorial  geologist  of  Okla- 
boma  contains  Oto  papers  concerning  Oklahoma  geol<wr:  Prellm- 
tnary  report  on  the  contact  of  the  ^ennlan  and  PenuBylvanian  in 
Oklahoma,  by  C.  T.  Kirk;  Geology  of  the  Wichita  mountains  of 
Oklahoma,  by  C.  N.  Gould;  Present  status  of  the  mining  Industries 
of  Oklahoma,  by  B.  G.  Woodruff;  Report  of  mineral  deposits  in  the 
Wichita  mountains  (a  list  of  localities  from  which  samples  have 
been  collected),  by  Bdwin  DeBarr;  A  preliminary  report  on  the 
building  stone  of  Oklahoma,  by  Eck  Frank  Schramm. 

Mr  Kirk's  paper,  though  a  "preliminary"  one,  la  of  more  than 
passing  importance  to  stratlgraphlc  geologists.  Here  we  have 
a  description  of  the  passing  of  the  lowest  Permian  limestone,  the 
Wreford  limestone,  or  Its  equivalent,  nearly  across  Oklahoma. 
Gould  has  noted  the  southern  ending  of  the  Marion  and  Wellington 
formations  In  northern  Oklahoma  where  the  limestones  seem  to 
disappear  and  merge  into  "Red-beds."*  Kirk  describes  the  Wre- 
ford  limestone  of  Kansas  as  being  replaced  by  two  coalescing  layers 
of  sandstone,  which  he  calls  the  Payne,  and  traces  the  sandstone  as 
tar  south  as  Norman,  Oklahoma. 

On  Jage  9  in  his  paper  occurs  a  section  In  which  the  sandstone 
representing  the  Pawhuska  limestone  of  Adams,  (correlation  prob- 
ably taken  frcHn  Bulletin  211  of  the  V.  S.  Survey)  and  the  Payne 
sandstone  occur  in  a  S9  toot  section  of  sandstones.  In  Kansas  these 
formations  are  separated  by  about  700  feet  of  limestone  and  shales. 
Of  this  amount  nearly  100  feet.  Including  the  limiting  layers.  Is  of 
limestone.  Here  in  the  Cimarron  valley  this  section  Is  represented 
by  three  layers  of  sandstone,  two,  six  and  eight  feet  thick  respec- 
tively, and  one  of  fifteen  feet  These  figures  when  taken  In  con- 
nection with  Adams'  statements,  published  In  various  places,  that 
there  Is  no  unconformity  gives  a  peculiar  result.  While  this  li 
not  at  all  impossible  when  the  geology  of  the  surrounding  region 
la  considered,  yet  It  opens  up  some  very  important  points  both 
paleontologic  and  stratlgraphlc,  particularly  so,  when  It  is  remem- 
bered that  these  sandstones  are  supposed  to  be  typical  "Red-beds" 
and  are  an  "encroachment  to  the  eastward  of  the  line  of  red  color- 
ation" without  unconformity.    However,  Kirk  suggests  that  "When 

•  Trans.  Kans.  Acad.  Scl,  xvU.  pp.  17B-1B1. 
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a  gienenil  survey  of  this  region  Is  made  the  formation  b%low  aod 
above  may  be  correlated  and  defined  accurately  ae  to  local  dips, 
'ptnchlngs  out'  and  other  evidences  of  small  nnconftirmltles." 

The  remaining  papers  deal  briefly  with  the  geologic  and  eco- 
nomic resources  of  the  territory  as  represented  by  their  titles. 


Some  CrystaUine  Rocks  oi    the   Saa  Gabriel   Moaataias,    Califoraia. 

By  Ralph  Akhold  and   a.  M.  Stbono.     (Bull,  of  the  Geo).  Soc. 

of  America,  vol.  16,  pp.  183-201.  April  13,  1905.) 

This  paper,  by  two  students  of  the  Leland  Stanford  Jr.  Univer- 
sity, owes  Us  Interest  In  part  to  the  location  of  the  field  of  Investi- 
gation. This  Is  in  a  region  of  magnificent  scenery,  accessible  from 
Los  Angeles  and  Pasadena,  well  known  to  tourists  and  but  scantily 
Investigated  by  geologists.  It  olFera  to  petrogr^pbers  a  new  and 
rich  field  of  Investigation.  The  results  of  prelimtnsry  petrographlc 
study  are  presented  In  this  paper. 

The  San  Gabriel  mountains  comprising  an  area  of  approxi- 
mately 1,200  square  miles  and  located  in  southwestern  California, 
extend  GO  mllea  southeast  from  the  Junction  of  the  Sierra.  Nevada 
and  tbe  Coast  range.  The  range  Is  dissected  by  streams  flowing 
east  and  west  and  is  divided  by  the  San  Oabrlel  river  Into  a  south- 
ern portion  with  steep  slopes  and  a  northern  range  with  more  gentle 
slopes  which  grade  Into  the  Mojave  desert. 

The  geologic  Investigation  of  this  region  was  made  without  topo- 
graphic maps  and  the  rocks  described  were  collected  on  reconnais- 
sance trips. 

A  brief  review  of  the  previous  literature  on  the  region  Is 
given  showing  that  there  has  been  considerable  divergence  of  opin- 
ion as  to  the  age  of  the  range.  It  bas  been  called  Primitive, 
post-Jurtssic  and  post-Cretar«oua.  The  presence  of  tilted  lower 
Bocene  sandstone  and  shale  on  the  northern  flanks  of  the  range 
has  led  the  writers  to  place  the  greater  part  of  the  elevation  In 
late  Eocene  or  OUgocene  time. 

The  petrography  of  the  rocks  of  the  San  Gabriel  mouttalne  Is 
given  In  some  detail.  The  rocks  are  both  Igneous  and  metamorphlc 
and  comprise  blotlte-granlte,  quartE-monzanyte,  grano-dloryte,  bom- 
blendyte,  aplyte,  mlcro-pegmatyte,  guarts-bomblend-porpbyryte,  dia- 
base-porphyry, homblende^oryte-gnelsses,  blotlte-granlte-gneisses, 
hornblende-schists  and  garnet! ferous-scfalete.  Analyses  are  given 
of  the  grano-dloryte  which  Is  the  most  abundant  rock  type  of  this 
region  as  well  as  of  the  Sierra  Nevada  of  Galifomia.  The  term 
grano-dloryte  la  used  as  defined  by  Llndgren:  a  rock  In  which  lime- 
soda  feldspars  predominate  and  which  consists  of  quartz,  ollgoclase 
or  andeslne  or  both,  or  orthoclese,  hornblende  and  blotlte.  with  ac- 
cessory titanlte,  zircon  magnetite  and  apatite.  Calculating  the 
norm  froni  analyses  of  the  grano-diorytea,  the  reviewer  finds  the 
rock  to  be  a  blotltlc-hom blende  grano-aderose  that  Is  the  rock  Is 
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dosallc.  perpellc,  dwialkallc  and  dosodlc,  dlfferlnf  in  order,  range 
and  subrange  from  LindKren's  gna.o-6ioTyt%.  A  comparison  of  tha 
grano^lorytes  of  the  two  ranges  ^ows  Uiem  to  be  very  similar. 
There  Is  a  central  mass  of  coarse  grained  acid  rocks  bordered  on 
the  south  by  finer  grained  grano-diorytes,  gneisses  and  qnarta-mon- 
sanyte.  Hornblende  dykes  are  not  numerotu  but  alpytes  cut  tke 
rocks  of  the  entire  region.  The  metamorphlc  rocks  are  abundant 
In  the  southern  part  of  the  range.  A.  J. 

Muryiaad  Gtologicai  Survey;     Mioctae.     Wilmau   6.    Clabk,   State 

Geologist.    Text,  pages  clr,  613,  with  nine  plates;  and  TOlume 

of  plates,  z-cxzXT.  1904. 

These  two  sumptuous  volumes  give  ns  the  most  complete  ac- 
count In  existence  of  the  Hlocraie  deposits  and  fossils  of  Maryland. 
The  Introduction  and  account  of  the  general  Btratlgrapbic  relattona 
was  written  by  the  State  Qeologlst,  Dr.  Wm.  B.  Clark.  The  account 
of  the  geological  and  paleontologlcal  relations,  with  a  review  of 
earlier  InveBtlgatlons,  Is  contributed  by  Dr.  George  B.  Shattuck 
who  has  devoted  much  time  to  the  field  study  of  its  stratigraphy. 
His  comparative  taxonomtc  table  shows  at  a  glance  the  evolution 
of  the  classification  and  correlstlon  of  the  Maryland  Miocene  from 
the  alluvial  (In  part)  of  Maclure  In  1809  to  that  of  Shattuck  in  1902, 
who  divides  the  Maryland  Miocene  Into  three  formations,  which  In 
ascending  order  are  the  Calvert,  Choptauk  and  St.  Mary's.  As  a 
result  of  the  careful  study  of  the  fosalls  the  three  formations  have 
been  divided  Into  24  zones.  This  part  of  the  work  closes  with  a 
series  of  sections,  mainly  along  Chesapeake  bay,  and  an  extensive 
table  giving  the  geological  range  and  geographical  distribution  of 
all  the  species  listed. 

The  relations  of  the  Maryland  Miocene  to  thBt  of  other  regions 
and  to  the  recent  fauna  are  discussed  by  Dr.  W.  H.  Dall.  The  State 
Qeol<%ist  reports  that  "This  chapter  le  by  far  the  most  Important 
contribution  to  the  Interpretation  of  the  Maryland  Miocene  deposits 
which  has  been  hitherto  made  and  shows  in  a  highly  phllostvUcal 
manner  the  relationship  of  the  Maryland  Miocene  fauna  to  that  of 
other  regions  and  to  the  recent  fauna."  Dr.  Dall  concludes  that 
"In  a  general  way,  allowing  for  locsl  peculiarities,  the  Mloceae 
fauna  of  North  Germany  compares  well  and  agrees  closely  with  that 
<d  Maryland,  while  the  Mediterranean  Miocene  finds  a  closer  ana- 
logue In  the  more  tropical  fauna  of  the  Duplin  beds  of  the  Caro- 
Unaa."  This  chapter  closes  with  a  list  of  the  characteristic  species 
of  the  North  American  Miocene.  In  explanation  of  this  list  Dr.  Dall 
states  that  "By  characteristic  are  meant  the  species  which  occur 
only  in  the  Miocene,  and  occur  in  It  from  top  to  bottom.  •  ■  • 
It  Is  not  meant  that  they  occur  at  every  horlion  or  lone,  but  that 
they  have  existed  thronghout  the  Miocene  somewhere,  and  disap- 
pear with  the  Inauguration  of  the  Pliocene." 

The  Systematic  Paleontology  has  been  prepared  by  different 
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authors  and  many  of  them  are  recognized  autborltiee  In  the  Bub- 
Jects  which  they  have  dlecuBsed.'  The  total  number  o(  foBslI  Hpeclea 
described  Is  stated  to  be  C52.  The  mammals,  birds  and  reptltea 
are  described  by  Case  of  Milwaukee;  the  fishes  by  Eastman  of  Cam- 
bridge; the  ostracods,  bryozoans  and  taydrozoans  by  Ulrlcb  and 
Bassler  of  Washington;  the  corals  by  Vaugban  of  Washington;  the  ' 
foramlnifers  by  Bagg  of  Springfield ;.  and  the  plants  by  Holllck  of 
New  York  and  Boyer  of  Philadelphia.  The  remaining  chapters 
were  prepared  by  members  of  the  Maryland  Survey,  the  lamelU- 
brancbs  by  Glenn,  now  of  Nashville;  the  other  molluscs,  the  brach- 
lopode,  the  worms,  the  radlolarlans,  and  moat  of  the  crustaceans,  by 
Hartln,  now  of  Washington,  and  the  echlnoderms  by  Clark.  The 
report  Is  Illustrated  by  a  map  showing  the  distribution  of  the  Mio- 
cene deposits  IB  Maryland,  a  chart  of  columnar  sections,  seven 
plates  giving  e»cellent  views  of  Miocene  sections  and  126  plates 
of  fossils.  The  beautiful  and  accurate  drawings  of  tbe  fossils  are 
largely  the  work  of  the  late  Dr.  J.  C.  McConnell,  whose  early  death 
Is  a  severe  loss  to  American  paleontology. 

Finally,  it  is  worthy  of  note  that  In  tbis  age  of  commercialism 
the  Maryland  Geological  Survey,  like  that  of  New  Tork,  still 
stands  for  scientific  scholarship  and  the  real  advancement  of  the 
science.  Its  volutnes,  written  or  edited  In  the  halls  of  Johns  Hqp- 
klns  university,  bring  to  tbe  reader  the  spirit  of  research  which 
pervades  that  Institution,  and,  like  it,  stand  for  what  Is  best  In 
scientific  scholarship.  In  closing  1  desire  to  quote  and  endorse 
tbe  last  paragraph  of  professor  Schuchert's  review  of  this  work. 
He  says:  "These  volumes  should  be  In  the  bands  not  only  of  stratl- 
graphers  and  paleontologists,  but  of  all  teachers  of  historical  geol- 
ogy as  well,  for  here  Is  given  not  only  a  detailed  description  of  the 
Maryland  Miocene  stratigraphy  and  its  preserved  organic  remains, 
but  also  the  relationship  of  these  faunas  to  those  of  otber  areas 
of  North  America  and  of  Gurope.  Tbe  State  of  Maryland  is  to  be 
congratulated  on  Its  able  and  active  survey  staff,  under  the  elBclent 
leadership  of  Professor  W.  B.  Clark.  Among  state  surveys  It 
stands  second,  ranking  neit  to  that  of  the  ilcb  state  of  New 
Tork."*  c.  B.  p. 

Tbt  Origia  0/  Certain  Place_  Names  in  the  United  Statea  (Steoad 
Edition).  By  Hinrv  GANHarr.  XT.  S.  Geol.  Survey,  Bulletin  No. 
258.    Pages  334.    Washington,  1905. 

This  edition  has  64  pages  more  than  the  first  edition,  which 
was  published  three  years  ago.  Much  local  bistory,  from  tha 
abortglnes  and  the  pioneer  white  settlers,  Is  contained  In  our  geo- 
graphic names:  and  the  Hat  might  be  greatly  Increased,  so  that 
these  names  and  their  derlvatlana  and  meaning  for  any  one  of  tlie 
large  and  old  statea  would  fill  a  targe  volume.  w.  l'. 

•  Am.  Jour.  Science.  4th  Ser..  vol.  xlx,  March.  1306.  p.  2G3. 
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The  Second  Biennitl  Report  of  the  Director  of  the  Agrkaltaral  Col- 
lege Snrvej  of  North  Dakota.  Dahiel  E.  Williard.  Director. 
Pages  xll,  1ST;  wltli  36  plates  (maps,  eecttona,  and  views  from 
photographs).    BiBmarck,  N.  D.,  1904. 

la  connection  with  a  large  amoimt  of  topographic  and  geologic 
work  In  this  state  by  the  U.  S.  Geological  Survey,  an  Important 
examination  of  Its  soils  and  agricultural  capabilities  Is  being  car- 
ried forward  by  the  State  Agricultural  College,  as  here  reported. 
Professor  WUlard  acknowledges  great  indebtedneaB  to  hie  prede- 
ceseor,  the  late  Prof.  Charles  M.  Hall,  ol  whom  a  brief  biographic 
•ketch  la  reprinted  from  the  Ambric^n  Gbologist  of  April,  190]. 
Two  pOBthumouB  papers  by  Prof.  Hall  treat  of  the  history  of  Lake 
Agaesli  and  the  drainage  of  the  southeast  part  of  the  state;  and 
several  papers,  mostly  on  solt  survej's  and  water  supply  by  artesian 
and  common  wells,  are  presented  by  Prof.  Willard  and  his  assist- 
>nts. 

North  Dakota  has  great  diversity  of  soils,  from  the  very  fertile 
Red  river  valley  plain,  the  bed  of  the  glacial  Lalie  Agasslz,  to  the 
boulder-strewn  knolls  and  hills  of  the  Coteau  du  Mieeourl,  and  the 
Bad  Lands  of  the  Little  Missouri  river,  the  last  being  unsurpassed 
In  Irregularity  and  plctureaqueness  of  contour.  w,   r 

Casselton-Fargo  Folio,  North  Dakota  and  Minnesota,  No.  117.  Geo- 
logic Atlas  of  the  United  States.  By  CHARLas  M.  Hall  and 
Dahii(.B.  WiLLiARD.  Pages  6,  with  6  map  sheets.  Washington, 
1906. 

About  a  quarter  part  of  the  tract  here  mapped  and  described 
Is  In  Minnesota,  wholly  In  the  area  of  Lake  Agasslz;  and  the  part 
In  North  Dakota  extends  northwest  a  few  miles  beyond  this  lacus- 
trine area.  The  lake  beds  and  glacial  drift  are  underlain  by  Cre- 
taceous strata,  which  yield  slightly  saline  and  alkaline  artesian 
water,  and  these  rest  on  granite,  as  shown  by  sections  of  very 
deep  wells;  but  the  bed  rocks  older  than  the  drift  have  no  outcrop 
In  this  district.  w.  u. 
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CORRESPONDENCE. 


American  Association  for  the  Advahcbmbnt  of  Scibncr,  Suwhbr 
Mbbtinc  of  Section  E. — Section  B  of  the  American  Aflsoctatlon  for 
the  AdTaacement  of  Science  will  hold  a  enmrner  meeting  at  Syra- 
cuse, New  York,  Jul}'  19,  20,  21,  22.  Arrangements  have  heen  made 
for  making  the  meeting  enjoyahle  and  profitable  to  all  members  of 
the  Section.  The  vicinity  of  Syracuse  1b  one  of  great  Interest  In 
aeveral  branches  of  geology;  the  foasUiferous  rocka  of  the  New  York 
series  are  well  exposed  in  many  ravines;  the  surface  shows  most 
of  the  phenomena  of  chief  Interest  In  Glacial  geology;  the  pre- 
Qlftclal  and  the  modern  topography  have  been  worked  out  by  spec- 
ialists, and  the  economic  geology  of  the  district  is  important.  The 
chief  study  In  the  field  during  the  meeting  will  be  the  gorges  and 
lakes  of  the  Glacial  drainage,  which  are  the  most  novel  feature  of 
the  dIstrlcL 

In  making  its  plans  for  the  meeting  the  sectional  committee 
had  accepted  the  cordial  invitation  of  the  committee  having  in 
charge  the  Joint  summer  courses  in  geology  for  several  eastern 
universities  and  colleges  to  hold  a  meeting  in  conjunction  with  the 
summer  school.  The  following  programme  may  now  he  provision- 
ally announced: 

Wednesday,  July  19,  8.00  P.  M. — The  SecUon  will  meet  inform- 
ally for  the  purpose  of  organization  and  of  listening  to  short  ad- 
dresses by  the  officers  of  the  Section,  the  state  geologist  and  others. 
Professor  T.  C.  Hopkins,  of  Syracuse  University,  will  discuss  the 
local  geology. 

Thursday.  Jnly  20.  —Field  day  with  picnic  lunch.  The  Section 
will  visit  the  Jamesvllle  lakes,  the  "foeall  cataracts"  and  the  eeveral 
Glacial  stream  channels  in  the  vicinity  of  Jamesvllle  and  part  of 
the  shore  line  of  lake  Iroquois  in  Onondaga  valley.  Field  addresses 
will  be  given  by  professor  H.  L.  Falrchild  on  "The  Local  Glacial 
Peatures"  and  by  professor  John  M.  Clarke  on  "The  New  York 
Series,  with  a  special  reference  to  the  Paleontology  and  Strati- 
graphy of  the  Syracuse  district." 

•8:00  P.  M. — Popular  illustrated  lecture  by  professor  H.  L.  Fair- 
child  on  "Glaclation  In  North  America,  with  Particular  Reference 
to  the  Effects  of  the  Ice  Sheet  in  Central  New  York. 

9:30  P.  M. — Social  meeUng  In  the  rooms  of  the  University  Club. 

Friday,  Jaly  27.— Meld  day  With  picnic  lunch.  The  party  will 
go  by  trolley  to  FayetteviUe  and  thence  on  foot  to  the  Glacial  chan- 
nels and  lakes  south  and  west  of  FayetteviUe.  Field  addresses  by 
Mr.  Frank  B.  Taylor,  "The  Great  Lakes  In  Their  Relation  to  Ijoca.} 
Geology,"  and  by  others. 

S:00  P.  M. — Business  meeting  of  the  Section  for  the  reading 
and  discussion  of  papers. 

Satarday,  Jaly  22. — To  FayetteviUe  by  trolley  or  by  boat  on 
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the  Brie  canal.  Vlalt  th«  FaretteTlIle  channel,  Round  and  White 
lakes,  the  M;cena  and  adjacent  channel  northeaet  of  FayetteTllle, 
Ballna  shales,  Uanllus  limestone,  Helderberg  IlmeBtone,  Orlskany 
sandstone  and  Onondaga  limestone  outcrops.  Field  address  by 
{trotessor  A.  W.  Orabau  on  "The  Physical  Characters  and  History 
of  Some  New  York  Formations." 

Free  diseaasiona  ol  all  papers  will  be  invhed.  E^irther  partic- 
ulars regarding  tb«  meeting  may  be  obtained  by  addressing  pro- 
fessor T.  C.  Hopkins,  UnlTerslt?,  Syracuse,  New  York,  or  the  un- 
dersigned. 

Eduund  Orrs  Hovav, 

Secretary  Section  E, 

Aw.  Aaaoc.  Adv.  Sci. 
American  Mnseam  of  Nataral  History, 

New  York,  May  23,  1905. 


PERSONAL  AND  SQENTIFIC  NEWS, 


At  WiLLiAMH  College,  Mr.  Hirdman  L.  Clelland  has 
been  appointed  professor  of  geology. 

Peof.  a.  p.  Brioham  of  Coloate  Universitv,  Hamil- 
TOM,  N.  Y.,  expects  to  spend  the  summer  in  Europe,  sailing 
June  14.  His  address  will  be:  Care  of  Bowen.  Shipley  & 
Co.,  123  Pall  Mall,  s.  w.,  London. 

Dr.  E.  W.  Hiloard,  of  the  University  of  California  has 
been  given  leave  of  absence  for  one  year,  and  then  will  re- 
turn on  two-thirds  pay  at  73  years  of  age.  He  is  engaged 
on  a  work  in  agriculture,  soils,  etc. 

GKOLOGicALboriETYoF  Washington — .\t  the  meeting  of 
May  10  the'following  named  papers  were  read,  viz.:  Coal 
testing  work  at  St.  Louis,  E.  IV  Parker;  The  Ocoee,  C  W. 
Hayes  and  David  White:  Fresh  water  marl  of  .Maska,  W. 
H  Dali. 

Uk.  U.  S.  Grant,  will  spend  the  summer  in  Alaska,  in  the 
employ  of  the  United  States  Geological  Survey,  in  one  of 
the  parties  under  the  general  charge  of  Dr.  A.  H.  Brooks, 
leaving  Evanston  about  June  1.  His  headquarters  and  post- 
ofifice  address  will  be  Valdez,  and  bis  work  will  be  in  and 
about  the  copper  mines  of  the  region  of  Prince  Williams 
sound. 

.  William  B.  Barrkr,  a  young  geologist  and  engineer  of 
great  promise,  died  at  his  native  place.  Alameda,  California, 
of  typhoid  fever,  May  4,  1905.  He  was  a  graduate  of  Stan- 
ford University,  1902.  A  v/ell  considered  and  able  paper  of 
his  appeared  in  the  Amkkicvn  (TKoLoc.isTa  year  ago  (vol.  33, 
p.  335)  on  the  "Lamprophyres     and     associated     igneous 
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rocks  of  the  Rossland  mining  district,  British  Columbia," 
and  another,  in  which  E.  H.  Nutter  was  joint  author,  ap- 
peared in  the  Journal  of  Geology  the  same  year  (vol.  lo,  p. 
738)  entitled  "On  some  glaucoph?,n<'  and  associated  schists 
in  the  Coast  ranges  of  California." 

The  35TH  Annual  Meeting  of  the  American  Institute  of 
Mining  Engineers  was  held  in  Washington,  May  2d  to  5th, 
inclusive,  with  125  registered  members  in  attendance.  The 
list  of  papers  to  be  presented  included  52  titles.  Of  papers 
actually  read,  those  of  Mr.  A.  C.  Spencer  on  Magmatic  Vein 
Waters  in  Alaska,  and  professor  J,  F.  Kemp  on  the  Copper 
Deposits  of  San  Jose,  Tamaulipas,  Mexico,  were  of  greatest 
geological  interest,  though  several  very  promising  numbers 
were  omitted  through  lack  of  time. 

Excursions  were  given  down  the  Potomac  to  the  gun- 
testing  grounds  at  Indian  Head,  followed  by  a  planked-shad 
dinner  at  Marshall  Hall,  and  to  the  gold  mines  on  the  Poto- 
mac above  Washington. 

TheUnivbkbitv  ofTkxas  MiNKBAL  SuBVEY  is  tempora- 
rily suspended,  owing  to  tlie  withdrawal  of  its  support  by 
the  late  legislature  of  the  state.  The  ofhce  is  closed  and 
all  work  abruptly  brought  to  an  end.  Two  excellent  re- 
ports are  left  unpublished,  though  partly  printed,  one  of 
them  accompanied  by  a  detailed  map  of  a  portion  of  west 
Texas,  bordering  on  the  east  side  of  the  Rio  Grande  del 
Norte,  including  portions  of  Brewster,  Presidio,  Jeff.  Davis 
and  El  Paso  counties.  This  map  must  have  cost  the  state 
considerable  money,  and  the  three  geologists  who  executed 
the  fieldwork  (W.  B.  Phillips,  B.  F.  Hill  and  J.  A.  Udden) 
a  large  amount  of  hard  work.  Its  legend  shows  not  only 
the  formations:  Post- Cretaceous,  Late  Upper  Cretaceous, 
Upper  Cretaceous,  Lower  Cretaceous,  Jurassic,  Carboni- 
ferous and  Older  Paleozoic,  and  Pre-Carboniferous,  but 
also  igneous  dikes  and  sills,  localities  of  quicksilver.  Coal, 
Silver  and  lead,  Intrusives,  lavas  and  tuffs.  Granite  and 
syenyte,  and  Dioryte. 

This  default  by  the  legislature  entails  a  serious  loss 
upon  the  state  and  an  injustice  upon  the  geologists  who 
did  the  work.  We  know  nothing  of  the  causes  that  pro- 
duced this  unfortunate  result,  but  we  are  reminded  that 
republics  are  sometimes  suicidal  as  well  as  ungrateful. 
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